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THE  EFFECT  OF  THE  NATURE  OF  THE  GASEOUS  MEDIUM  UPON  THE 


EVAPORATING  RATE  OF  ALKALI  CHLORIDES 


Vikt.  I,  Spitsyn  and  V.  I.  Shostak 


There  are  several  references  in  the  literature  to  the  increased  volatility  of  some  inorganic  substances  when 
steam  is  present.  It  has  been  known  for  a  long  time  that  boric  acid  evaporates  when  heated  in  a  current  of  steam, 
as  well  as  when  its  aqueous  solutions  are  distilled  [1],  Silica  can  be  evaporated  when  acted  upon  by  steam  at  high 
temperature  (1200  -1300*)  [2].  The  present  authors  have  shown  [3]  that  normal  sulfates  of  the  alkali  elements  can 
be  evaporated  much  more  rapidly  in  a  current  of  steam  at  1200*  than  in  a  cunent  of  air.  Spitsyn,  Shostak,  and 
Meerov  [4]  have  found  that  alkali  chlorides  behave  similarly,  beginning  at  temperatures  close  to  their  melting 
points.  The  mechanism  involved  in  these  phenomena  has  not  received  a  satisfactory  explanation  as  yet. 

The  present  research  involved  a  study  of  the  effect  of  the  nature  of  the  gaseous  medium  upon  the  evaporat¬ 
ing  rate  of  alkali  chlorides.  We  chose  the  latter  as  our  research  objects  because  their  chemical  properties  allowed 
of  their  being  heated  in  various  gaseous  substances  (air,  steam,  CO|,  HCl,  NH3)  without  reacting  with  them.  The 
volatility  of  the  alkali  chlorides  is  perceptible  even  at  comparatively  low  temperatures,  which  makes  it  easier  to 
carry  out  the  experiment. 


The  research  procedure  was  as  follows;  a  sample  of  the  chloride  (of  the  order  of  0.25  g)  was  placed  in  a 
platinum  boat.  The  latter  was  placed  in  another  platinum  boat  of  larger  size  in  order  to  prevent  loss  of  the  molten 
salt  by  spattering  against  the  walls.  Heating  was  done  in  an  electric  furnace  with  an  operating  porcelain  tube  20 
mm  in  inside  diameter.  Temperature  was  measured  with  a  platinum -platinum-rhodium  thermocouple,  one  junc¬ 
tion  of  which  was  located  in  the  furnace,  outside  the  operating  tube,  alongside  the  spot  when  the  boats  were  placed, 
As  a  rule  the  tests  were  run  at  a  temperature  of  800*.  The  chlorides  of  all  the  alkali  elements  were  tested.  After 
their  preparations  had  been  fused  they  were  analyzed  for  their  chlorine  content,  the  results  ivoving  to  be  quite  sat¬ 
isfactory  (Table  1). 


TABLE  1  The  alkali  chlorides  were  calcinhddn  currents  of 

ANALYSIS  OF  CHLORIDES  OF  THE  ALKALI  ELEMENTS  air,  steam,  and  ammonia,  the  cesium  chloride  also 


Compound 

Per  cent  chlorine 

Experimental 

Calculated 

LiCl . 

83.59 

83.63 

NaCl . 

61.22 

61.41 

KCl . 

47.34 

47.56 

RbCl  . 

29.38 

29.32 

CsCl  . 

20.97 

21.06 

either  end  by  rubber  stoppers.  The  end  of  the  quartz 


being  calcined  in  currents  of  hydrogen  chloride  and 
carbon  dioxide.  Before  the  air  entered  the  operating 
tube,  it  was  dried  by  passing  it  through  bottles  con¬ 
taining  sulfuric  acid  and  columns  filled  with  phos¬ 
phoric  anhydride.  The  rate  of  evaporation  of  the 
alkali  chlorides  in  a  current  of  steam  was  investigated 
as  follows.  About  40  g  of  water  was  Gently  boiled  in  a 
small  50-ml  Erlenmeyer  flask.  The  steahv  generated 
flowed  from  the  flask  to  the  operating  tube  through 
a  bent  quartz  connecting  tube,  tightly  connected  at 
projected  far  uito  the  operating  tube,  being  located  in 


the  hot  zone  at  the  beginning  of  the  furnace,  which  prevented  any  partial  condensation  of  the  steam,  the  forma¬ 
tion  of  drops,  and  the  resultant  cracking  of  the  porcelain  tube. 


Graduations  were  marked  on  the  flask  to  enable  us  to  follow  the  rate  at  which  the  water  was  evaporated. 
The  flask  containing  the  water  was  weighed  before  and  after  the  run  to  secure  an  accurate  check.  After  a  little 
practice  it  is  easy  to  regulate  heating  so  as  to  attain  the  desired  rate  of  evaporation  of  the  water:  18  grams  per 
hour,  as  a  rule.  Reduced  to  standard  conditions,  this  is  equivalent  to  0.37  liter  per  minute  of  water  vapor.  An 
Erlenmeyer  flask  with  a  capacity  of  about  100  ml,  fitted  with  a  reflux  condenser  served  as  the  collector  for  the 
steam  and  the  condensate.  In  the  tests  using  ammonia,  this  latter  gas  was  produced  by  heating  a  commercial 


1109 


aqueous  soluixon,  and  it  was  dried  by  passing  it  through  columns  filled  with  pieces  of  sodium  hydroxide  and  lime. 
The  ammonia  was  drawn  through  the  operating  tube  containing  the  boat  with  the  test  substance  at  the  required  rate 
by  means  of  a  water-jet  pump.  The  carbon  dioxide  was  taken  from  a  tank.  It  was  first  dried  with  sulfuric  acid  and 
phosirfioric  anhydride  The  hydrogen  chloride  was  prepared  by  reacting  sodium  chloride  with  concentrated  sulfuric 
acid.  It  was  dried  in  the  same  manner  as  the  air  and  the  carbon  dioxide.  The  rates  of  flow  of  the  ait.  ammonia, 
carbon  dioxide,  and  hydrogen  chloride  were  checked  by  means  of  rheometers. 

Tables  2,  3.  and  4  give  the  results  of  our  calcination  of  alkali  chlorides  in  currents  of  air,  steam,  and  am¬ 
monia.  The  quantity  of  gas  passing  through  was  kept  as  approximately  0.4  liter/minute  (at  standard  conditions). 

TABLE  2 

EVAPORATION  OF  CHLORIDES  OF  THE  ALKALI  ELEMENTS  IN  A  CURRENT  OF  AIR  AT  800* 

Air  rate;  0.35-0.37  liter/minute.  Calcining  time:  30  min. 


Chloride 

Initial  sample 
giams 

1  Loss  of  weight 

Grams 

Per  cent 

Millimoles 

LiCl  . 

0.2505 

0.0274 

10.94 

0.65 

NaCl  . 

0.2497 

0.0080 

3.20 

0.14 

KCl  . 

0.2451 

0.0201 

8.20 

0.26 

RbCl  . 

0.2525 

0.0296 

12.00 

0.25 

CsCl  . 

0.2515 

0.0641 

25.49 

0.38 

TABLE  3 

EVAPORATION  OF  CHLORIDES  OF  THE  ALKALI  ELEMENTS  IN  A  CURRENT  OF  STEAM  AT  A  TEMPERATURE 
OF  80  C* 

Calcination  time:  30  min.  Evaporation  rate:  18  g/hour  (0.37  liter/min). 


Chloride 

Test  No. 

Initial  weight 

Loss  of  weight 

Mean 

grams 

Grams 

Per  cent 

Millimoles 

(millimoles) 

LiCl  .... 

1 

0.2540 

0.0513 

20.20 

1.21 

1.20 

L 

2 

0.2512 

0.0507 

20.18 

1.19 

NaCl  .... 

.[ 

3 

0.2478 

0.0106 

4.28 

0.18 

0.18 

1 

4 

0.2489 

0.0112 

4.50 

0.19 

KCl  .... 

/ 

5 

0.2530 

0.0245 

9.69 

0.32 

0.33 

6 

0.2515 

0.0260 

10.34 

0.35 

RbCl  .... 

.( 

7 

0.2504 

0.0552 

22.04 

0.45 

0.44 

1 

8 

0.2514 

0.0522 

22.76 

0.43 

CsCl  .... 

r 

9 

0.2521 

0.0870 

34.51 

0.52 

0.52 

1  ^ 

10 

0.2505 

0.0869 

34.69 

0.52 

Lithium  and  cesium  chlorides,  which  have  the  lowest  boiling  points(1382  and  1303*,  respectively),  exhibit 
the  maximum  rate  of  evaporation  in  a  current  of  air,  and,  obviously.at  any  one  temperature  they  exhibit  a  higher  vapor 
pressure  than  the  chlorides  of  the  other  alkali  elements.  Sodium  chloride,  which  has  the  highest  melting  point 
(800*)  and  boiling  point  (1465®)  of  all  the  alkali  chlorides,  exhibits  the  minimum,  rate  of  evaporation. 

In  a  cunent  of  steam,  the  rate  of  evaporation  of  me  chlorides  of  the  alkali  elements  is  much  higher  than  / 
when  they  are  calcined  in  a  current  of  air.  This  is  particularly  striking  in  the  salts  of  lithium,  rubidium,  and 
cesium,  whose  molar  evaporation  rate  rises  84.6%,  and  37^o  respectively,  or  by  factors  ranging  from  1.8  to 
1.4.  The  increase  in  the  loss  of  weight  is  less  in  the  other  chlorides  (Table  3).  The  evaporation  rates  of  the 
various  chlorides  bear  the  same  relationship  to  one  another  as  in  calcination  in  a  current  of  steam. 

The  rate  of  evaporation  of  alkali  chlorides  may  be  increased  substantially  by  increasing  the  rate  of  flow 
of  the  steam  through  the  operating  tube.  The  example  of  cesium  chloride  is  used  in  Table  4  and  Fig.  1  to  show 
that  nearly  all  the  original  sample  can  be  evaporated  during  a  given  interval  of  time  (30  min)  when  the  steam 
flows  at  the  rate  of  180  g/hr,  w'nereas  evaporation  is  only  approximately  one-third  complete  when  the  rate  is 
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18  g/ftr.  It  should  likewise  be  borne  in  mind  that  the  observed  loss  of  weight  of  the  chloride  does  not  proportionally 
to  the  increase  in  the  rate  of  steam  flow,  but  is  somewhat  different  from  the  latter.  A  20055)  increase  in  the  rate  of 
steam  flow,  for  example,  increases  the  chloride  loss  of  weight  only  50-100  ^jo.  .  . 

TABLE  4 

EVAPORATION  OF  CESIUM  CHLORIDE  AT  VARIOU''  RATES  OF  STEAM  FLOW 
Temperature:  800*.  Calcination  time:  30  Min. 


Test  No. 

Initial  weight, 
grams 

Rate  of  steam  flow 
g/hr 

1  Loss  of  weight 

Grams 

Per  cent 

Millimoles 

1 

0.2521 

18 

0.0870 

34.51 

0.52 

2 

0.2502 

36 

0.1140 

45.56 

0.68 

3 

0.2478 

54 

0.1560 

62.65 

0.84 

4 

0.2532 

180 

0.2414 

95.34 

1.43 

TABLE  5 

EV  APORATION  OF  CHLORIDES  OF  THE  ALKALI  ELEMENTS  AT  800*  IN  A  CURRENT  OF  AMMONIA 
Rate  of  ammonia  flow:  0.35  liter/min.  Calcination  time:  30  min. 


Chloride 

Test  No. 

Initial  weight. 

Loss  of  weig 

ht 

Mean 

Millimoles 

(Millimoles) 

grams 

Grams 

Per  cent 

LiCl  . 

1 

0.2534 

0.0457 

18.03 

1.07 

1.08 

2 

0.2517 

0.0462 

18.30 

1.09 

NaCl  .  <j^ 

3 

0.2487 

0.0061 

2.45 

0.10 

0.11 

4 

0.2505 

6.0077 

3.07 

0.13 

KCl  . 

5 

0.2508 

0.0187 

7.46 

0.25 

0.26 

6 

0.2497 

0.0202 

8.09 

0.27 

RbCl  . 

7 

0.2483 

0.0488 

19.65 

0.40 

0.39 

8 

0.2491 

0.0474 

19.03 

0.39 

CsCl  .  ^ 

9 

0.2495 

0.0834 

33.43 

0.50 

0.49 

10 

0.2517 

0.0820 

32.58 

0.49 

Effect  of  the  rate  of  steam  flow  upon  the  evaporation 
of  cesium  chloride  at  800*. 


Rate  of  evaporation  of  chlorides  of  the  alkali  elements 
at  800*  in  various  gaseous  media. 

1  —In  a  cunent  of  steam;  2  —  In  a  current  of  ammonia; 
3  -  In  a  current  of  air. 


As  Table  5  shows,  the  rate  at  which  the  alkali 
chlorides  are  evaporated  in  a  current  of  ammonia  fol¬ 
lows  the  same  pattern  as  exhibited  in  a  current  of  air  or  of  steam:  the  volatility  decreases  as  we  pass  from  the  lithium 
salt  to  sodium  chloride  and  increases  in  the  other  chlorides.  Lithium  and  cesium  chlorides  exhibit  the  greatest  loss 
of  weight. 
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The  evaporation,  rate  of  chlorides  of  the  alkali  elements  in  a  current  of  ammonia  is,  in  general  higher  than 
in  a  current  of  air.  The  singular  behavior  of  sodium  and  potassium  chlorides  is  worthy  of  note!  they  exhibit  practi¬ 
cally  the  same  loss  of  weight  in  an  air  cunent  as  in  an  ammonia  current.  The  evaporation  rate  of  all  the  chlorides 
in  ammonia  is  somewhat  lower  than  their  evaporation  rate  in  a  current  of  steam,  however  (about  5-14*^  less,  and  as 
much  as  60^  less  for  the  sodium  salt). 

The  molar  evaporation  rates  of  all  the  alkali  chlorides  in  currents  of  air,  steam,  and  ammonia  are  compared 
in  Table  6  and  Fig.  2. 


TABLE  6 

COMPARATIVE  EVAPORATION  RATES  OF  CHLORIDES  OF 
THE  ALKALI  ELEMENTS  IN  CURRENTS  OF  AIR, AMMONIA^ 
AND  STEAM 

Temperature:  800*.  Calcination  Time:  30  Min.  Average 
size  of  sample:  0.25  g 


Chlixide 

Loss  of 

weight,  millimoles 

In  a  cunent  of 
air  (0.35-0.37 
liter/min) 

In  a  current  of 
ammonia  (0.35 
liter/min) 

In  a  current  of 
steam  (0.37 
liter/min) 

LiCl 

0.65 

1.08 

1.20 

NaCl 

0.14 

0.11 

0.18 

KCl 

0.26 

0.26 

0.33 

RbCl 

0.25 

0.39 

0.44 

CsCl 

0.38 

0.49 

0.52 

liters  during  30  minutes.  This  is  0.0501  g  for  carbon  dioxide 


We  also  investigated  the  effect  of  carbon  dioxide 
and  hydrogen  chloride  upon  the  rate  of  evaporation  of 
cesium  chloride  at  800*. 

The  results  of  our  tests  of  the  evaporation  of  ces¬ 
ium  chloride  in  various  gaseous  media  are  listed  in 
Table  7. 

The  cesium  chloride  evaporates  at  about  the  same 
rate  in  hydrogen  chloride  as  it  does  in  ammonia,  and 
somewhat  more  slowly  in  carbon  dioxide  than  in 
hydrogen  chloride.  The  gaseous  media  tested  may  be 
arranged  as  follows  in  order  of  increasing  amounts  of 
cesium  chloride  entrained  by  a  given  volume  of  gas; 
carbon  dioxide,  air,  hydrogen  chloride,  ammonia, 
steam.  This  series  becomes  especially  striking  when 
when  we  compare  the  absolute  quantities  of  cesium 
chlonde  passing  over  into  a  gaseous  volume  of  12 
and  0.0870  g  for  steam. 


It  was  shown  above  that  steam  increases  the  evaporati.on  of  all  the  alkali  chlorides  to  some  extent,  with 
ammonia  increasing  evaporation  for  most  of  them.  It  may  be  assumed  that  the  effect  of  HCl  and  CO^  atmosidiere 
upon  the  volaality  of  the  other  alkali  chlorides  is  about  the  same  as  we  have  observed  in  the  case  of  cesium  chlor¬ 
ide.  The  variation  of  the  evaporation  rate  of  alkali  chlorides  with  the  nature  of  the  gaseous  medium  is  a  highly 

TABLE  7 

EVAPORATION  RATE  OF  CESIUM  CHLORIDE  IN  VARIOUS  GASEOUS  MEDIA  AT  800* 

Rate  of  gas  flow:  approx.  0.4  liter /min.  Calcination  time:  30  min. 


Medium 

Initial  weight, 
grams 

Loss  of  weight 

Grams 

Per  cent 

Millimoles 

Air  . 

0.2562 

0.0650 

25.37 

0.39 

Carbon  dioxide . 

0.2506 

0.0501 

19.99 

0.30 

Hydrogen  chloride . 

0.2584 

0.0816 

31.58 

0.48 

Ammonia . 

0.2517 

0.0820 

32.58 

0.49 

Steam . 

0.2521 

0.0870 

34.51 

0.52 

singular  phenomenon.  Two  hypotheses  may  be  advanced  concerning  the  meclianism  involved.  On  the  one  hand. 

It  may  be  postulated  that  the  vapor  tension  of  an  alkali  chloride  is  independent  of  the  medium  in  which  evapora¬ 
tion  occurs.  Then  the  nature  of  the  medium  can  affect  only  the  rate  of  diffusion  of  the  substance  from  the  sur¬ 
face  layer  of  its  saturated  vapor  into  the  volume  of  the  flowing  gas.  Then  the  percentage  of  the  chloride  per  unit 
volume  of  the  flowing  gas  may  actually  depend  upon  the  nature  of  the  latter,  though  only  at  high  rates  of  gas  flow 
At  rather  low  rates  of  flow  the  gas  volume  will  be  saturated  with  the  evaporating  substance,  and  the  percentage  of 
the  chloride  per  unit  volume  of  the  flowing  gas  should  be  the  same  for  various  media. 

On  the  other  hand,  we  cannot  dismiss  the  hypothesis  that  the  vapor  pressure  of  the  chloride  varies  with  the 
nature  of  the  flowing  gas,  due  to  physicochemical  Interaction  between  the  gas  and  the  surface  layer  of  the  evap¬ 
orating  subsunce.  Then  saturation  of  the  unit  volume  of  gas  with  the  chloride  will  result  in  the  percentage  of  the 
chloride  in  the  gas  varying  with  the  nature  of  the  latter.  To  check  these  hypotheses  we  ran  tests  intended  to  achieve 
saturation  when  evaporating  cesium  chloride  in  cunents  of  air  and  steam.  The  gas  flow  ranged  from  1  liter/min  to 
0.05-0. lO'liter/min.  The  experimental  findings  are  listed  in  Tables  8  and  9. 


TABLE  8 

EVAPORATION  OF  CESIUM  CHLORIDE  AT  VARIOUS  RATES  OF  AIR  FLOW 
Tempeiatme:  800*.  Calcination  time:  30  min. 


Test  No. 

Initial  weight, 
grams 

Rate  of  gas  flow 
(liters/min  at 
standard  condi¬ 
tions) 

Loss  of  weight 

Loss  of  weight 
per  liter 
of  gas, 
mg 

Grams 

Per  cent 

1 

0.2539 

1.00 

0.0612 

24.10 

2.1 

2 

0.2552 

0.40 

0.0650 

25.37 

5.4 

3 

0.2546 

0.30 

0.0622 

24.43 

6.9 

4 

0.2482 

0.20 

0.0518 

20.87 

8.6 

5 

0.2512 

0.15 

0.0508 

20.30 

11.4 

6 

0.2508 

0.10 

0.0565 

22.53 

18.8 

7 

0.2560 

0.05 

0.0277 

10.86 

18.4 

TABLE  9 

EV  APORATION  OF  CESHIM  CHLORIDE  AT  VARIOUS  RATES  OF  STEAM  FLOW 
Temperature:  800*.  Calcination  time:  30  min. 


Test  No. 

Initial  weight, 
grams 

Rate  of  gas  flow 
(liters/min  at 
standard  condi¬ 
tions) 

Loss  of  weight 

Loss  of  weight 
per  liter 
of  gas. 
mg 

Grams 

Per  cent 

1 

0.2478 

1.12 

0.1560 

62.65 

3.6 

2 

0.2502 

0.74 

0.1140 

45.56 

5.1 

3 

0.2521 

0.37 

0.0870 

34.51 

7.7 

4 

0.2509 

0.18 

0.0489 

19.49 

8.1 

5 

0.2433 

0.15 

0.0500 

20.55 

11.1 

6 

0.2547 

0.10 

0.0570 

22.38 

19.0 

These  tests  definitely  indicate  that  the  maximum  quantity  of  cesium  chloride  in  1  U.ier  of  gas  passing  at 
the  rate  of  0.1  litei/min  above  a  sample  of  the  preparation  at  800*  is  practically  the  same  in  both  of  the  media 
tested,  being  18.8  mg  for  aii  and  19.0  mg  for  steam.  Hence,  at  low  rates  of  gas  flow  the  amoint  of  chloride  evap¬ 
orated  equals  the  quantity  escaping  at  "zero*  velocity,  no  matter  what  the  nature  of  the  gas.  Doubtless,  in  this 
case  the  gas  is  saturated  with  cesium  chloride  vapor,  the  saturation  being  equivalent  to  the  chloride’s  vapor  pres- 
suxe  at  the  given  temperature. 


TABLE  10 

COMPARATIVE  EV  APORATION  RATES  OF  CESIUM  CHLORIDE 
IN  CURRENTS  OF  AIR  AND  STEAM  AT  VARIOUS  RATES  OF 
GAS  F  LOW 


Flock  and  Rodebusch  [5]  investigated  the 
vapor  laessuie  of  cesium  chloride  in  the  824.7- 
1304'  range.  It  was  4.15  mm  at  824.7®;  we 
found  it  to  be  2  mm  at  800°  by  extrapolation. 


Temperature;  800° 


Rate  of  gas 
flow,  liters/ 
min 

1  Loss  of  weight  of  cesium  chloride  per  liter  of 

1  gas  (at  standard  conditions) 

In  a  cunent  of  air 

In  a  cunent  of  steam 

1 

2.1 

3.6 

0.4 

5.4 

7.7 

0.2 

8.6 

8.1 

0.16 

11.4 

11.1 

0.10 

18.8 

19.0 

0.05 

18.4 

— 

We  calculated  the  partial  pressure  of  cesium 
chloride  at  "zato"  veioc-ity  of  the  gas  from  the 
formula; 

n 


P  = 


n  N 


P. 


where  n  is  the  moles  of  evaporated  substance 
(based  on  1  liter  of  gas),  _N  .is  the  moles  of  gas 
PM  liter  (equaling  0.04464),  and  Pis  the  total 
pressure  in  the  system  (760  mm). 

Using  the  figures  in  Table  8  (for  evapora¬ 
tion  in  a  current  of  air)  and  in  Table  9  (for  steam)  and  taking  the  molecular  weight  as  168.37,  we  get  the  follow¬ 
ing  values  for  the  vapor  pressure  of  cesium  chloride  at  800®. 
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a)  1.89  mm  for  ait;  b)  1.92  mm  for  steam. 

Taese  two  values  ate  practically  the  same  as  the  extrapolated  value  for  the  vapor  pressure  of  cesium  chlor¬ 
ide  given  above. 

The  quantities  of  cesium  chloride  in  1  liter  of  air 
and  steam  are  listed  in  Table  10  and  plotted  in  Fig.  3 
for  various  gas  velocities. 

This  comparison  shows  that  steam  speeds  up  the 
evaporation  of  cesium  chloride  more  than  air  does  at 
relatively  high  rates  of  gas  flow  (0  4-1  liter/min).  But 
as  we  descend  to  0.2  liter/min,  the  loss  of  weight  of 
the  cesium  chloride  begins  to  be  the  same  in  steam 
and  in  air,  even  though  the  gas  is  not  yet  saturated 
with  cesium  chloride  vapor.  All  these  tests  make  the 
following  explanation  of  the  influence  of  the  nature 
of  the  gaseous  mediiom  upon  the  evaporation  rate  of 
the  alkali  chlorides  most  probable. 

As  we  know,  there  is  a  layer  of  saturated  vapor 
(the  "diffusion  layer")  at  the  surface  of  an  evaporat¬ 
ing  solid  or  liquid.  There  is  no  doubt  that  there  is  a 
force  of  attraction  operating  between  the  molecules 
that  constitute  the  diffasion  layer.  The  molecules 
of  the  passing  gas  mix  with  the  chloride  vapor  at  the  boundary  of  the  diffusion  layer,  surround  the  chloride  mole¬ 
cules,  and  establish  a  singular  envelope  about  the  latter,  weakening  the  bond  between  the  chloride  molecules 
and  entraining  them  with  the  gas  stream.  The  more  sharply  expressed  the  polar  nature  of  the  alkali  chlorides, 
the  mote  easily  is  'his  envelope  established  by  the  mote  highly  polar  gases. 

As  a  matter  of  fact,  if  we  arrange  the  polar  substances  we  employed  as  gaseous  media  in  our  cesium  chlor¬ 
ide  tests  in  order  of  increasing  polarity,  we  find  that  their  order  agrees  exactly  with  the  rise  in  the  influence  of 
these  substances  upon  the  rate  at  which  the  chloride  evaporates  (see  Table  7): 

Substance  Dipole  moment 

(  u  •  io‘*) 

COi . 0 

Air  (nitrogen,  oxygen) .  0 

HCi . 1.0 

NH, . 1.4 

H,0 . 1.8 

Thus,  steam  "erodes"  the  diffusion  layer  most,  with  air  and  carbon  dioxide  eroding  least  of  all.  It  is  ob¬ 
vious  that  the  thickness  of  the  diffusion  layer  will  also  vary,  being  thinnest  in  the  case  of  steam  and  a  maximum 
when  die  cesium  chloride  is  evaporated  in  a  current  of  air  or  carbon  dioxide.  The  rate  of  diffusion  of  gaseous 
substances  is  high,  in  general,  at  elevated  temperatures;  hence,  at  low  velocities  of  the  passing  gas,  the  evaporat¬ 
ing  subsunce  is  able  to  diffuse  rapidly  enough  in  any  of  the  media  we  employed,  saturating  it. 

When  the  rate  of  flow  of  the  passing  gas  is  such  that  it  is  not  fully  saturated  with  the  chloride  vapor,  a 
greater  degree  of  saturation  will  be  found  in  the  media  that  ensure  the  maximum  rate  of  diffusion  of  the  vapor  into 
the  volume  of  the  passing  gas.  We  used  the  data  in  Table  6  to  compute  the  degree  of  saturation  of  various  media 
with  cesium  chloride  vapor  at  800*  and  a  gas  velocity  of  0.4  liter/min.  (Table  11). 

The  minimum  saturations  (26.0  and  28.05b,  respectively)  were  found  for  carbon  dioxide  and  air.  The  sat¬ 
uration  rises  to  30^  for  hydrogen  chloride  and  ammonia,  attaining  the  highest  value  for  steam  (40.7<5b). 

The  explanation  g.tven  above  for  the  way  in  which  Jhe  nature  of  the  gaseous  medium  affects  the  evaporation 
rate  of  cesium  chloride  probably  applies  to  other  types  of  inorganic  compounds  as  well  as  all  the  alkali  chlorides. 


Fig.  3.  Effect  of  the  velocity  of  air  and  steam 
current  upon  die  evaporation  of  cesium  chloride 
at  800*. 

1— Steam;  2— Air. 
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SUMMARY 


I 


TABLE  11 


1.  A  study  has  been  made  of  the  rate  at  which 
the  chlorides  of  all  the  alkali  elements  evaporate 
at  800*  in  currents  of  air,  steam,  and  ammonia,  and 
of  the  evaporation  rate  of  cesium  chloride  in  carbon 
dioxide  and  hydrogen  chloride  as  well. 

2.  At  a  constant  temperature  (800")  and  a  con¬ 
stant  rate  of  gas  flow  (of  the  order  of  0.4  liter/min) 
lithium  chloride  exhibits  the  maximum  rate  of  evap¬ 
oration  and  sodium,  chloride  the  minimum.  Sodium 
chloride  is  followed  by  potassium,  rubidium,  and 
cesium  chlorides  in  order  of  increasing  evaporation 
rate. 

3.  It  has  been  escablistied  that  when  the  rate  of 
gas  flow  is  high  (0.4  liter/min  and  up),  the  greater 
the  polarity  of  the  medium  in  which  heating  is 

effected,  the  higher  the  rate  of  evaporation  of  the  alkali  chlorides. 

4.  The  polarity  of  the  gaseous  medium  has  the  least  effect  upon  the  evaporation  of  sodium  chbride  and  the 
most  effect  upon  lithium  and  cesium  chlorides.  The  rate  of  evaporation  of  lithium  chloride  in  a  current  of  steam 
is  nearly  twice  as  great  as  in  a  current  of  air. 

5.  At  low  rates  of  gas  flow  (0.2  liter/min  and  below),  the  evaporation  rates  of  the  alkali  chlorides  be¬ 
come  identical  in  various  gaseous  media. 

6.  It  is  suggested  that  the  increased  polarity  of  the  gaseous  medium  facUitates  the  "erosion"  of  the 
diffusion  layer  at  the  surface  of  the  evaporating  substance.  This  may  be  due  to  the  physicochemical  interaction 
of  the  molecules  of  the  passing  gas  with  the  molecules  of  the  evaporating  substance  in  the  latter's  diffusion 
layer. 


DEGREE  OF  SATURATION  OF  VARIOUS  GASEOUS  MEDIA 
WITH  CESrUM  CHLORIDE  VAPOR 
Temperature  800",  Rate  of  gas  flow:  0.4  liter/min. 
Theoretical  maximum  content  of  cesium  chloride  in  the 
passing  gas:  18.9  mg/liter 


Gaseous  medium 

Cesium  chloride 
evaporated,  mg 
per  liter  of  gas 

Per  cent  saturation 
of  the  gas  with 
cesium  chloride 

vapor 

CO, 

4.9 

26.0 

Air 

5.4 

28.6 

HCl 

6.8 

36.0 

NH, 

6.8 

36.0 

Steam 

7.7 

40.7 
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THE  VOLATILITY  OF  ALKALI  CHLORIDES  WHEN  THEIR 


AQUEOUS  SOLUTIONS 


ARE  EVAPORATED 


Vxkt.  I. 


Spitsyn  and  M.  A.  Meerov 


In  ];veceding  tepoits  [1]  we  have  shown  that  alkali  chlorides  evaporate  substantially  in  a  current  of  steam 
at  temperatures  approaching  their  boiling  points. 

In  1894  Bailey  [2]  published  his  observations  on  the  volatility  of  alkali  element  chlorides  during  the  evap- 
p<xation  of  their  aqueous  solutions.  His  qualitative  experiments  must  be  regarded  as  hardly  convincing:  a  filter 
paper  held  just  above  the  surface  of  a  solution  heated  on  a  water  bath  exhibited  the  presence  of  a  chloride  after 
some  time  had  passed,  but  this  might  have  been  caused  by  contamination  from  the  air.  Bailey's  quantitative  ex¬ 
periments  were  made  by  evaporating  about  3  liters  of  solution  of  each  alkali  chloride,  of  approximately  N/10 
concentration,  in  100-ml  platinum  beakers.  Bailey  found  the  loss  to  be  greatest  in  the  case  of  cesium  chloride; 

3.5  mg  per  liter  of  evaporated  solution,  and  least  in  the  case  of  lithium  chloride:  0.25  mg/liter.  The  loss  rose 
with  an  increase  in  the  solution  concentration;  but  even  these  results  are  open  to  doubt,  inasmuch  as  the  loss 
of  chloride  was  determined  indirectly,  by  analyzing  a  sample  of  the  remaining  solution  for  chloride  by  preci¬ 
pitation  or  by  titrating  it  with  silver  nitrate.  The  losses  found  were  0.2^  -  0.3<^  of  the  toul  chloride  content 
in  the  intial  solutions,  which  lies  within  the  limits  of  enor  of  the  method  of  analysis  employed. 

The  problem  of  the  volatility  of  alkali  chlorides  when  their  aqueous  solutions  are  evaporated  in  air  is 
of  practical  as  well  as  theoretical  importance,  as,  for  instance,  in  performing  analyses  for  the  rare  alkali  elements. 
That  is  why  we  subjected  Bailey's  observations,  which  are  referred  to  in  the  literature,  to  a  check  and,  as  will  be 
s  hown  later  on,  failed  to  confirm  them. 


In  our  experiments  50  ml  of  decinormal  solutions  of  the  alkali  chlorides  were  evaporated  in  platinum  beakers 
on  a  water  bath,  the  contents  of  the  beakers  being  kept  constant  by  gradually  adding  water.  The  quantity  of  water 
used  totalled  3  liters.  After  the  run  was  over,  the  solution  was  evaporated  to  dryness  in  the  same  beaker.  The  resi¬ 
due  was  heated  to  constant  weight  at  250*,  the  quantity  of  salt  ixresent  thus  being  determined  directly.  At  the  same 
time  we  applied- a  correction  for  the  nonvolatile  residue  contained  in  the  distilled  water  used  (0.0004  g/liter).  The 
results  of  our  tests  are  given  in  Table  1.  None  of  the  chlorides  tested  exhibited  any  loss  of  weight  when  its  aqueous 
solution  was  evaporated.  The  slight  gain  in  weight  (of  the  order  of  0.4-0. 6  mg)  over  the  initial  value  is  probably 
due  to  die  settling  of  a  slight  amount  of  air-borne  dust  into  die  solution.  The  latter  cannot  be  ignored,  notwithstand¬ 
ing  the  precautions  taken,  inasmuch  as  the  tests  lasted  approximately  1  month. 


TABLE  1 

CHANGE  IN  WEIGHT  OF  CHLORIDES  OF  THE  ALKALI  ELEMENTS 
WHEN  3  LITERS  OF  WATER  CONTAINING  0.005  GRAM  EQUIVA¬ 
LENT  OF  THE  SALT  ARE  EVAPORATED 


Substance 

Grams  of  salt 

Before  evap<»aTion 

After  evaporation 

LiCl  . 

0.2130 

0.2136 

NaCl  . 

0.2924 

0.2928 

KCl  . 

0.3434 

0.3738 

RbCl  . 

0.6050 

0.6054 

CsCl  . 

0.8400 

0.8404 

We  also  investigated  the  boiling  of  solu¬ 
tions  of  cesium  chloride  of  various  concentra¬ 
tions,  analyzing  the  distillate  or  the  residue  for 
cesium  by  the  chloroplatinate  method  (Table  2). 
Here  again  we  discovered  absolutely  no  loss  of 
the  alkali  chloride.  Similar  results  were  ob¬ 
tained  when  we  boiled  solutions  of  the  chdorides 
of  the  other  alkali  elements. 

SUMMARY 

1.  The  behavior  of  alkali  chlorides  when 
their  aqueous  solutions  are  boiled  in  air  has  been 
investigated. 


iin 


TABLE  2 

CHANGE  IN  WTIGHT  OF  CESIUM  CHLORIDE  WHEN  ITS  AQUEOUS  SOLUTIONS  ARE  BOILED 


! 

CsCl  used, 
grams 

1  CsCl  found,  grams 

Test  No.  1 

Research  method 

In  residual 
solution 

In  distillate 

1 

1 

Boiling  100  ml  of  solution  for  6  hours  in  a  flask 
fitted  with  a  condenser  to  collect  the  distillate 
(approximately  50  ml  being  collected) 

1.0 

Not  determined 

None 

2 

Boiling  100  ml  of  solution  for  3  hours  in  an  open 
beaker,  the  volume  being  maintained  constant 
by  adding  water 

0.1764 

0.1768 

2.  It  has  been  established  that  the  alRaii  chioades  do  not  evaporated  together  with  the  steam.  The 
findings  set  forth  in  the  earlier  paper  by  Bariev  on  this  problem  have  not  been  confirmed. 
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A  METHOD  OF  PREPARING  STABLE  SOLUTIONS  OF  SODIUM 


AND  POTASSIUM  ZINCATES 

V.  G.  Sochevanov 


Solutions  of  zinc  oxiOe  in.  alkalies,  known  as  zincate  solutions,  have  recently  begun  to  be  employed  in 
practice  as  an  eleccdyte  foi.'  galyaa’x:  cells  of  the  VDSP  type  and  for  the  Drumm  zinc-nickel  storage  battery  [1] 
or  as  tne  majoi;  constituent  of  tt.e  eiec;joplating  baths  proposed  by  Kudryavtsev  and  Nikiforova  [2]  and  by  Dexi- 
deriev  [3]. 

The  growth  in  wax: tic al  interest  in  soluaons  of  this  sort  made  a  more  thorough  study  of  them  necessary. 


As  we  know,  one  ot  tne  chaiacterisiics  of  zincate  solutions  is  their  low  stability  with  time.  This  i^enom- 
enon,  known  as  "aging.*  maniiests  itself  as  follows;  the  zinc  oxide  dissolved  in  the  alkali  forms  unstable  solutions 
from  the  start,  which  contain  an  excess  of  zinc  that  settles  out  with  time  as  zinc  oxide  or  zinc  hydroxide.  We 
have  as  yet  no  satifactory  expianadon  for  this  phenomenon  of  "aging".  As  a  rule,  the  reason  for  die  differences 
in  the  percentage  of  zinc  oxide  in  the  solution  is  sought  in  the  changes  occurriig  in  the  bottom  phases,  little  at> 
tention  bemg  paid  to  possible  changes  in  the  composition  of  the  zincate  molecules  within  the  solution  itself. 

Many  papers  on  the  physicochem.tcal  investigation  of  zincate  solutions  have  dealt  with  the  problem  of 
the  solubility  of  zinc  oxide  in  sodium  hydroxide.  There  has  been  hardly  any  systematic  research  on  the  solubility 
of  zinc  oxide  in  potassium  hydroxide. 


Fig.  1 

Solubility  isotherms  of  zinc  oxide  and 
hydroxide  in  NaOH. 


To  solve  the  applied-chemistry  isoblem,  involving 
the  determination  of  the  region  within  which  zincate 
solutions  are  stable,  we  utilized  the  data  in  the  literature 
for  sodium  zincate  and  tan  experimental  tests  for  the 
potassium  zincates.  The  papers  by  Goudriaan  [4,  8], 
Kaufmann  [5,  8],  Muller  [6],  and  Scholder  [7]  are  out- 
sunding  among  those  dealing  with  sodium  zincates. 

Muller's  paper  contains  carefully  collected  ex¬ 
perimental  data  on  the  solubility  of  zinc  oxide  and 
amorphous  hydroxide  in  sodium  hydroxide  solutions. 
Scholder's  researches  [7,  9]  also  describe  the  compo¬ 
sition  of  solid  sodium  zincates  and  dieir  solubility 
in  alkali.  Muller  plotted  the  results  of  his  research 
in  a  rectangular  diagram  (Fig.  1),  with  the  alkali 
concentration  laid  off  along  the  axis  of  abscissas 
and  the  equilibrium  content  of  zinc  oxide  in  mole¬ 
cules  per  liter  along  the  axis  of  ordinates.  The  solid 
lines  rei^sent  the  solubility  isotherms  of  one  of  the 
products  used  in  sodium  hydroxide  solutions  at  30*. 

The  system  of  rectangular  coordinates  chosen 
by  Muller  suffers  from  this  disadvantage:  this  form 


*)  Henceforth  the  term  "amorphous  hydroxide"  is 
employed  to  differentiate  from  the  clearly  cr^'stalline, 
as  say,  the  rhombic  hydroxide,  although  all  forms  of 
zinc  hydroxide  are  of  crystalline  structure  according 
to  Hedval's  X-tay  analysis  [Z.  alig.  anorg.  Ch.,  120,  327  (1922)]. 
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f  i*.  2.  Limits  of  S.able  and  onsrabl.  equiiibf  um  m  solutions  of  sodium  zlncato. 


fig.  3.  Piecrpitation  rays  of  a  bottom  phase. 
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of  representation  docs  not  clearly  show  the  change  in  the  concentiation  of  water,  which  is  the  third  constituent  in 
the  Na,0-2i!0-HL0  system.  The  complication  of  the  diagram  when  high-concenuation  solutions  are  employed  is 
another,  disadvantage. 

We  have  jecaicu?ated  the  data  of  Goudriaan,  Muller,  Scholder,  and  others  in  terms  of  molar  per  cent  and 
plotted  them  m  a  triangular  diagram,  as  shown  in  Fig.  2,  in  order  to  simplify  the  appearance  of  the  equilibria  in 
the  Na,0-Zn0-1%0  ternary  system  as  well  as  to  make  it  possible  to  compare  the  research  results  of  different 
authors.  In  this  diagram  the  solubility  isotherm  of  zinc  oxide  and  amorphous  zinc  hydroxide  is  represented  by  the 
coinciding  suaight  line  Iff,  which  exhibits  a  curve  toward  the  100%  H|0  triangle  vertex  only  in  a  highly  dilute 
solution  (over  97%  HjO). 

The  solubility  of  the  crysiallme  zincate  is  given  by  the  isotherms JiD  and  B'A*.  The  equilibrium  bottom 
phase  within  this  diagram  ought  to  lie  on  the  concave  side  of  this  isotherm,  the  composition  of  this  phase  being 
NaHZnO^  (according  to  Muller  [6])  or  Zn(OH)|Na  (according  to  Scholder  [7]).  The  dashed  line  AA*  indicates  the 
course  of  the  solubility  isotherm  of  the  monohydxate  NaOH*H^  in  the  zincate  solution.  The  Point  ^represents 
NaOH  solution  that  is  saturated  at  30*.  its  composition  being  54%  NaOH  and  40%  I%0.  The  composition  of  the 
solid  hydrate  NaOH  *  H^O  is  given  by  the  point  at  25%  Na^O. 

The  isotherms  EF.  CB',  B'AJ  and  A'Ain  Figures  2  and  3  delimit  a  fairly  small  region  ffB'A'A,  which  we 
propose  to  call  the  region  of  stable  zincate  solutions.  i.e.,  solutions  that  do  not  age  at  30*.  These  solutions  may  be 
prepared  by  dissolving  the  crystalluie  zincate,  zinc  oxide,  or  amorphous  zinc  hydroxide  in  the  alkali.  Any  solution 
whose  compositions  is  found  to  lie  outside  the  stable  region  is  subject  to  aging,  since  it  may  decompose  with  time, 
thiowing  down  a  precipitate  and  producing  a  stable  solution. 

The  reproducibility  of  the  boundaries  of  the  stable  region  may  be  judged  by  comparing  the  results  obtained 
by  Muller  with,  say,  the  results  of  Goudriaan  and  Scholder. 

Goudriaan's  points  are  denoted  in  Figure  2  by  solid  circles  and  Greek  letters  a,  5,y  0./i  and  n  .while 

Scholder's  pomts  are  denoted  by  half -filled  circles  and  Muller's  by  circles  with  crosses  inscribed  within  them.  The 
satisfactory  agreement  of  the  results  obtained  by  the  different  authors  is  direct  proof  of  the  stability  of  solution 
within  the  EFB'A  region  and,  therefore,  proof  that  equilibrium  exists  in  this  part  of  the  system,  which  has  been 
the  subject  of  discussion  between  the  adherents  of  the  theory  of  pseudo  solutions:  Hantzsch  [10]  and  Chatterji  and 
Dbar  [11],  and  the  champions  of  the  theory  of  tme  solutions:  Bredig  [12],  Moir  [13],  Goudriaan,  Scholder,  and 
others. 


When  we  plot  the  Muller  points  (circles  with  crosses)  ,  representing  the  solubility  of  crystalline  Zn(OH}s,  in 
the  diagram  (Figure  2),  we  note  that  the  points  in  the  vicinity  of  4  and  6%  Na^O  do  not  lie  on  the  isotherm  EF, 
whereas  the  point  41,  near  8%  NajO,  lies  on  the  straight  line.  We  find,  however,  as  Muller  remarks,  that  the  com¬ 
position  corresponding  to  this  curve  is  obtained  when  an  abundant  precipitate  is  thrown  down  from  the  solution  after 
13  days  of  standing.  This  is  evidence  of  disturbance  of  the  equilibrium  between  tlie  crystalline  Zn(OH)|  and  the 
alkali.  If  we  plot  the  point  representing  a  solution  in  equilibrium  with  the  crystalline  Zn(OH)t,  i.e.,  a  solution  from 
which  no  precipitate  settles  out  as  yet  (see  Point  41),  in  the  diagram,  we  find  that  this  point  lies  close  to  the 
straight  line  EG  that  passes  through  the  points  referred  to  (close  to  4%  and  6%  NajO)  and  the  point  on  the  ZnO  —  Na^O 
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side  of  the  triangle  where  (Figure  3). 


The  location  of  the  solubility  isotherm  for  crystalline  Zn(OH)|,  plotted  on  the  basis  of  three  points,  may  be 
regarded  as  hardly  convincing.  But  when  we  superpose  the  data  of  other  authors,  we  find  the  coincidence  to  be  sat¬ 
isfactory.  Evidence  of  this  is  the  position  of  the  points  M  andn  [solid  circles  (Figure  2)],  taken  from  Goudriaan's 
dugram  and  the  half-filled  circles  plotted  from  the  recomputed  data  of  Scholder's  [7].  The  data  on  the  solubility 
of  rhombic  Zn(OH)s,  specially  investigated  by  Fricke  [14],  are  of  particular  interest.  Fricke's  data  are  plotted  in 
Figure  2  as  circles  with  numbers  alongside  them. 


The  Fricke  data  (Points  4,  5,  6,  and  7),  like  the  Muller  findings  (Point  41),  convince  us  that  the  equilibrium 
between  crystalline  Zn(OH)2  and  tlte  solution  is  not  stable  at  30*  in  concentrated  solutions.  These  solutions  break 
down  within  a  comparatively  short  time,  thiowing  down  an  amorphous  precipitate  and  approaching  the  composition 
corresponding  to  equilibrium  solutions  along  the  isotheim  EF',  as  indicated  by  the  doited  arrow.  The  figures  on  the 
solubility  of  crystalline  ZnfOH)*  enable  us  to  demarcate  part  of  still  another  region  EDFE  in  the  triangular  diagram, 
which  may  be  called  the  region  of  unstable,  i.e.,  aging  zincate  solutions.  We  can  secure  these  solutions  by  dis¬ 
solving  crystals  of  Zn(OH)2  in  an  alkali  in  the  cold  or  by  heating  zinc  oxide  or  amorphous  zinc  hydroxide.  All  these 
solutions  are  unstable,  precipitates  being  thrown  down  from  them  shortly  after  their  preparation. 


If  the  isotherm  EG  refers  to  a  highly  uiutable  sute  in  concentrated  solutions,  the  stability  '  of  the  systems 
consisting  of  crystalline  Zn(OH)|  -  solution  rises  as  dilution  is  increased.  , 

The  boundary  at  which  the  unsuble  system  is  transformed  into  a  more  highly  stable  one  evidently  lies  close 
to  Fncke's  point  4  (the  intersection  of  the  isothernu  GE  and  HC  in  Figure  2).  This  comparatively  high  stability  of 
the  equilibrium  in  the  region  extending  from  the  point  4  to  E  explains  the  formation  of  crystals  of  the  rhombic 
ZnfOH)]  described  by  Frlcke  and  Ahrends  [15].  who  observed  this  phenomenon  when  they  diluted  a  concentrated 
solution  of  the  zincate  considerably.  As  we  know,  it  is  easy  to  obtain  a  solution  that  is  close,  say.  to  the  point  42 
(approaching  lOJb  Na^O:  Figure  2).  by  dissolving  amorphous  zinc  hydroxide  in  a  concentrated  alkali.  As  we  dilute 
this  solution  with  water  we  successively  traverse  a  series  of  points  lying  aloi%  the  beam:  point  42  to  the  point  of 
lOO^  H|P  (in  Figure  2  the  beam  from  the  point  42  to  the  point  for  100^  HgO  practically  coincides  with  the  dot-dash 

line  from  100^  HtO  to— When  dilution  is  so  high  that  the  beam  intersecu  the  isotherm  EG  at  a  point 
^  ZnO  1 

close  to  4^  NajO.  it  enters  the  region  of  supersaturated  solutions  where  the  crystallization  of  Zn(OH)|  ought  to  set  in. 
This  property  of  the  solutions  has  been  utilized  by  Fricke  and  Ahrends  [15]  as  the  foundation  for  their  method  of 
securing  crystals  of  Zn(OH)s. 


In  passing,  the  formation  of  crystals  of  Zn(OH)|  is  proof  that  the  position  of  the  point  E  in  the  diagram  of 
Figure  2  is  conect.  The  point  E,  and  with  it  the  isotherms  EF  and  EG.  are  shifted  from  the  lOVjo 
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HjO  — =  —  beam  toward  a  higher  percentage  of  alkali  in  the  solution.  If  there  were  no  such  shift,  it  would  be 

impossible  to  enter  the  region  of  solutions  supersaturated  with  respect  to  crysulline  Zn(OH)s,  no  matter  how  much 
any  zincate  solution  were  diluted  with  water. 


In  an  endeavor  to  obtain  solutions  richer  in  zinc,  Muller  resorted  to  saturating  an  alkali  by  heating  it  with 
zinc  oxide.  These  solutions  are  highly  unstable,  beginning  to  throw  down  crystalline  precipitates  within  a  short 
time.  In  a  series  of  tests  the  author  prepared  several  concentrated  solutions  and  seeded  them  with  the  crystals  ob¬ 
tained  in  the  previous  tests.  This  greatly  diminished  the  percentage  of  zinc  in  the  solutions,  though  their  alkalinity 
remained  practically  unchanged.  Thus  there  is  still  another  isotherm  HC  in  the  region  of  high  ZnO  concentrations. 
Muller  was  unable  to  determine  the  composition  of  the  equilibrium  bottom  phase.  According  to  Scholder  [7],  how¬ 
ever,  the  isotherm  HC  represents  the  trihydrate  [Zn(OH)s]Na  •  SHfO. 

As  Figure  2  indicates,  the  isotherm  HC,  plotted  from  Muller's  data  (circles  with  crosses)  agrees  satisfactor¬ 
ily  with  Beholder's  findings  (half-filled  circles). 

Taking  the  duee  componenu  of  the  system:  NasO-ZnO-H|0  and  allowing  for  the  researches  of  Muller, 
Scholder.  Fricke.  Goudriaan,  and  others,  we  have  plotted  the  equilibrium  diagram  reproduced  in  Figure  3  and  have 
compiled  Table  1.  which  characterizes  this  system  quantiutively.  The  diagram  mentioned  illustrated  the  equilib¬ 
rium  that  exists  in  the  system  at  30*  between  the  zincate  solution  and  the  bottom  phases,  whose  composition  is 
given  by  Scholder  as  follows: 


Isotherm  A- A  ' 

represents 

NaOH  •  H,0, 

"  A-B 

•v 

[Zn(OH)4]Na,, 

"  B-D 

w 

[Zn(OH)^)Na. 

•  H-C 

m 

[Zn(OH),]Na  •  3H,0. 

"  E-F 

m 

ZnO  and  its  amorphous  hydrate 

*  E-G 

m 

crysulline  Zn(OH)|. 

The  published  researches  of  Fricke  [15]  and  Muller  [6]  contain  some  data  on  the  solubility  of  zinc  oxide  in 
poussium  hydroxide,  but  they  are  too  sparse  and,  what  is  more,  contradictory  to  serve  as  a  basis  for  any  conclusions 
whatever. 

The  sparseness  of  these  findings  led  us  to  undertake  a  more  complete  experimental  determination  of  the  reg¬ 
ion  in  which  suble  solutions  of  potassium  zincate  that  did  not  age  existed.  To  secure  a  clear  idea  of  the  behavior 

of  potassium  zincate  solutions  possessing  different  values  of  the  KfO  ,  , .  ,  j  ,  ca  i 

factor  with  time,  we  prepared  150  samples 

ZnO 

with  known  integral  compositions.  The  composition  of  the  individual  samples  was  chosen  so  as  to  cover  evenly  the 
zinc  solution  region  in  the  KgO— ZnO— HgO  triangular  diagram.  This  was  most  conveniently  done  by  the  method  of 
cross-sections  along  the  alkali  solution  (of  given  concentration— ZnO  beams,  as  indicated  in  Figure  4.  In  this  figure 
there  is  a  separate  series  of  samples  for  each  concentration  of  the  alkali  solution. 
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TABLE  1 


Composition  of  Equilibrium  Solutions 
of  Sodium  Zincate  at  30* 


Molar  ^0  1 

1 Z  nO  for  the  isotherm 

HC 

NajO 

aa' 

a'b 

BD 

EF 

EG 

1 

- 

- 

- 

0.08 

0.10 

- 

2 

- 

- 

- 

0.20 

0.28 

- 

3 

- 

- 

- 

0.52 

0.84 

- 

4 

- 

- 

- 

1.00 

1.88 

- 

5 

- 

- 

- 

1.52 

2.84 

- 

6 

- 

- 

- 

2.08 

3.92 

- 

7 

- 

- 

- 

2.56 

4.84 

4.28 

8 

- 

- 

- 

3.12 

5.92 

4.32 

9 

- 

- 

6.92 

3.64 

6.92 

4.52 

10 

- 

- 

5.76 

4.16 

8.00 

4.88 

11 

- 

- 

4.68 

4.68 

- 

- 

12 

- 

- 

3.84 

5.24 

- 

- 

13 

- 

- 

3.28 

- 

- 

- 

14 

- 

- 

3.00 

- 

- 

- 

15 

- 

3.16 

2.92 

- 

- 

- 

16 

- 

2.32 

- 

- 

- 

- 

17 

1.76 

1.80 

- 

- 

- 

- 

17.25 

0.00 

- 

- 

- 

- 

- 

oxide  exhibited  a  loss  of  0,04?^  when  calcined  at  600* 
CO^  and  H,0. 


Previously  calculated  quantities  of  the  tested  zinc 
oxide  or  zinc  hydroxide  were  placed  in  10-20  test  tubes 
with  tapering  necks,  after  which  the  test  tubes  were  filled 
with  the  given  quantity  of  KOH  solution  and  sealed.  The 
samples  were  kept  at  18-24*  for  more  than  60  days,  being 
agitated  at  periodic  intervals.  The  test  tubes  that  dis¬ 
played  precipitates  were  opened,  and  their  liquid  phases 
analyzed.  Solutions  of  potassium  hydroxide,  electrolytic 
zinc  oxide,  and  crystalline  zinc  hydroxide  ZnfOH)]  were 
our  initial  materials. 

The  alkali  solutions  were  prepared  by  the  Fricke 
and  Jucatis  method  [16]  from  fused  potassium  hydroxide 
reagent  (All-Union  Standard,  People's  Commissariat  of 
Heavy  Industry  17374-40). 

The  pieces  of  KOH  were  rinsed  in  distilled  water, 
and  then  dissolved  in  boiled  distilled  water  until  satura¬ 
tion  was  reached.  The  alkali  solutions  of  the  desired  con¬ 
centrations  were  prepared  by  diluting  the  saturated  KOH 
solution,  which  had  been  clarified  for  10-15  days,  with 
water  freed  of  CO^.  The  alkali  solutions  were  kept  in 
glass  containers  coated  on  the  inside  with  paraffin;  they 
were  decanted  by  means  of  siphons  that  were  protected 
against  any  access  of  CO|.  The  electrolytic  zinc  oxide, 
00  brand,  was  prepared  by  the  Mendeldev  factory  in 
Leningrad.  The  outwardly  pure  white  powder  of  zinc 
which  was  evidence  of  its  nearly  complete  freedom  from 


The  crystalline  zinc  hydroxide  was  prepared  along  the  lines  of  the  Fricke  and  Ahrends  method  [15].  A  solu¬ 
tion  of  KOH  (sp.gr.  1.5)  was  placed  in  a  porcelain  beaker  and  saturated  with  the  initial  zinc  oxide  as  it  was  heated 
to  130-135*.  The  remaining  solution  was  decanted  and  diluted  with  15-20  times  its  volume  of  water.  Ten  to  fifteen 
days  later  the  deposited  crystalline  precipitate  was  filtered  out,  washed  a  few  times  with  cold  water  and  then  with 
hot  water,  and  dried  above  sulfuric  acid.  The  percentage  of  water  in  the  resulunt  preparation  ranged  from  18.32^ 
to  18.18'^,  which  is  close  enough  to  the  18.13'^  of  water  in  the  stoichiometric  hydroxide  Zn(OH)s. 


The  zinc  in  individual  check  samples  was  determined  electrolytically  as  described  by  Reissaus  [7].  Veri¬ 
fying  tests  indicated  that,  notwithsunding  Kolthoff's  criticism  of  the  ferrocyanide  method  [18],  this  method  yields 
accurate,  readily  reproducible  results  if  the  titration  conditions  are  kept  constant.  This  method  is  unsuited  for  mass 
determinations,  however,  because  of  the  compzatively  bulky  apparatus  required,  not  to  mention  the  length  of  time 
involved  in  each  determination  (at  least  1  hour). 


We  chose  the  volumetric  acidometric  method  of  determining  zinc,  proposed  by  Hahn  and  Hertleb  [19],  as  a 
more  rapid  method.  This  method  is  based  upon  the  substitution  reaction  between  zinc  ions  and  o-hydroxyquinoline 
(oxine),  in  which  an  equivalent  quantity  of  free  acid  is  produced  which  is  then  back  Hitrated  against  the  alkali.  This 
method  proved  to  be  particularly  convenient,  since  it  enabled  us  to  determine  the  percentage  of  alkali  K|0  and  of 
zinc  ZnO  in  the  same  zincate  sample. 

The  analytical  procedure,  modified  somewhat  by  us,  consisted  of  the  following.' A  sample  of  approximately 
1  g  of  the  zincate  was  converted  into  the  sulfate  by  weighing  approximately  10  ml  of  1.0  N  HtS04  into  the  same  con¬ 
tainer;  then  the  acid  solution  was  transfened  to  a  750-ml  Erlenmeyer  flask.  The  excess  acid  was  back-titrated  in  the 
cold  with  0. 1  N  KOH,  methylred  being  employed  as  an  indicator.  The  resultant  neutral  solution  -was  heated  to  boil¬ 
ing  and  a  fpjo  alcoholic  solution  of  oxine  was  added,  using  7  ml  of  solution  per  mole  of  zinc  [20].  Boiling  lasted  5- 
10  minutes.  The  hot  solution  was  poured  into  a  Schott  funnel,  using  no  suction;  the  precipitate  was  washed  with  hot 
water,  and  the  filtrate  was  titrated  with  the  same  KOH  solution,  with  phenolred  as  an  indicator,  until  a  perceptible 
red  color  made  its  appearance.  Knowing  the  total  acid  present,  we  can  easily  calculate  the  composition  of  the  zinc¬ 
ate  from  the  double  titration  findings;  the  percentage  of  water  was  determined  from  the  difference. 


1124 


TABLE  2 


Solubility  OT'Xinc  Gride  in  KOH  Solutions  at  18-22“ 


Cross- 

Sec- 

Initial  KOH 

solution 

Equilibrium  zincate 
solution,  molar  ’’la 

tion 

No. 

Norm- 

Molar 

<70  K,0 

Point 

Nos. 

K(0 

1  ZnO 

Sp. 

Gr. 

V 

2.32 

2.07 

42 

2  05 

!  0.182 

1.120 

45 

2.05 

0.182 

1.119 

IV 

4.49 

4.00 

37 

3. 97 

0.59 

1.223 

39 

3.98 

0.59 

1.224 

m 

5.95 

5.30 

30 

5.15 

1.00 

1.290 

32 

5.15 

1.01 

1 

1.292 

n 

9.92 

8.86 

19 

8.73 

2.09 

1.472 

2.62 

1.542 

vin 

11.40 

i0.16 

64 

9.92. 

1 

67 

9.97 

2.60 

1 

- 

I 

13.05 

11.62 

92 

11.72 

3.37 

1.590 

93 

11.43 

3.20 

1.589 

VI 

14.20 

12.62 

75 

12.13 

3.78 

1.653 

1  79 

12.11 

3.79 

1.653 

TABLE  3 


Solubihry  of  Crystalline  Zinc  Hyaroxide  m  KOH  Solutions 
at  18-22“ 


Cross- 

Sec- 

Initial  KOH 

solution 

Equilibrium  zincate 
solution.,  molar 

tion 

Norm- 

Molar 

Point 

KgO  ZnO 

Sp. 

No. 

ality 

Nos. 

gr. 

IX 

2.45 

2.18 

108 

110 

2.14  0.37 

2.13  0.37  1 

1.132 

XII 

4.92 

4.37 

117 

119 

4.25  1.52 

4.28  1.53 

1.279 

1.276 

xm 

6.23 

5.54 

126 

130 

5.27  2.35 

5.27  2.36 

1.352 

1.351 

XIV 

7.62 

6.77 

Crystalline  precipitate 
converted  into  an  — 
amoii^.ous  one 

X 

9.11 

8.10 

98 

7.44  3.79 

1.490 

XV 

9.58 

8.53 

Crystalline  precipitate 
converted  into  an  — 
amorphous  one. 

We  determined  solubility  in  two  series  of 
cross  sections.  In  the  first  series  electrolytic  zinc 
oxide  served  as  the  initial  substance,  with  crystal¬ 
line  zinc  hydroxide  Zn(OH)|  us^  in  the  second 
series.  The  characteristics  of  the  initial  and  equi¬ 
librium  solutions  of  KOH  and  the  zincate  ate  given 
in  Tables  2  and  3  for  each  cross  section. 

Part  of  the  KjO-ZnO-HjO  diagram  is 
shown  in  Figure  4,  the  explored  cross  sections  be¬ 
ing  snown  by  rays;  a  KOH— ZnO  solution  or  a  KOH 
— Za(OH)s  solution.  The  compositions  of  the  initial 
mixtures  are  indicated  by  circles  with  the  test 
number  alongside  them.  For  the  sake  of  clearness 
the  samples  in  which  not  all  the  sample  dissolved 
or  a  precipitate  had  settled  out  by  the  time  of  an¬ 
alysis  are  denoted  by  solidly  filled -in  circles,  while 
the  compositions  of  equilibnum  solutions  are  indi¬ 
cated  by  cii'cies  with  crosses  drawn  inside  them. 

The  ZnO  solubility  in  the  sections  I-yin  and 
the  Zn(OH)];  solubility  in  the  sections  IX-XV,  de¬ 
termined  by  analyzmg  the  liquid  phases,  enabled 
us  to  plot  the  solubility  isotherms  of  ZnO  and 
Zn(OH)f  in  KOH  at  18-22*.  The  shape  of  these  iso¬ 
therms  (Figure  4)  is  quite  similar  to  that  of  the  iso¬ 
therms  for  the  solubility  of  ZnO  and  Zn(OH)|  in 
NaOH  (Figure  2),  and  they  similarly  enable  us  to 
delimit  a  region  of  stable  solutions  of  potassium 
zincate  from  the  region  of  unstable,  aging  solu¬ 
tions,  which  throw  down  secondary  ivecipitates 
with  time,  thus  being  transformed  into  stable  solu¬ 
tions. 

The  isotherms  plotted  on  a  large-scale  dia¬ 
gram  have  been  used  in  compiling  Table  4,  which 
gives  the  molar  of  ZnO  and  K^O  in  solutions  of 
potassium  zinc.ate  that  are  saturated  with  respect  to 
ZnO  and  Zn(OH)|. 

The  method  of  individual  sealed  samples  we 
employed  proved  to  be  extremely  satisfactory  in 
making  apivoximate  determinations  of  solubility 
and  in  observing  the  dynamics  of  the  establishment 
of  equilibrium  within  the  sample. 

The  visual  characteristic  transfened  to  the 
'  diagram  in  Figure  4  clearly  demonstrates  that  there 
is  no  aging  of  the  zincate  solutions  within  the  area 
enclosed  by  the  base  of  the  triangle  and  the  ZnO 
solubility  isotherm,  whereas  in  the  region  lying 
above  this  isotherm  the  zincate  solutions  prepared 
from  Zn(OH)|  in  the  cold  or  from  ZnO  by  the  ap¬ 
plication  of  heat  are  unstable,  breaking  down  to 
form  a  liquid  phase,  whose  composition  approxi¬ 


mates  that  of  the  isotherm  of  stable  solutions.  This  is  illustrated,  for  instance,  by  the  points  140',  136',  102’,  147*, 


and  150*,  which  represent  the  compositions  of  the  liquid  phases  of  aged  solutions,  widi  the  same  numbers  widiout  a 


prime.  The  foregoing  material  on  the  behavior  of  sodium  and  potassium  zincate  solutions  enable  us  to  reach  the 


following  practical  conclusions. 
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TABLE  4 


Composition  of  Potassium  Zincate  Solutions  Saturated 
with  ZnO  or  Zn(OH)t 


Molar 

<^KtO 

Molar  ofo  ZnO 

Molar 

<^1^0 

Molar  <|i()  ZnO 

Solubility  isotherm 

Solubilir 

y  isotherm 

ZnO 

1  Zn(OH), 

ZnO 

ZiKOH), 

1.0 

0.0 

1  0.0 

8.0 

1.84 

4.44 

2.0 

0.20 

1  0.34 

9.0 

2.22 

5.42* 

3.0 

0.42 

.  0.83 

10.0 

2.64 

6.60* 

4.0 

0.65 

1  1.44 

11.0 

3.18 

7.80* 

5.0 

0.90 

j  2.12 

12.0 

3.72 

- 

6.0 

1.18 

!  2.82 

13.0 

4.30 

- 

7.0 
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1  I  Interpolation 


!•  Method  of  Preparing  Stable 
Zincate  Solutions 

In  view  of  the  fact  that  zincate  solutions,  no 
matter  how  they  are  prepared,  do  not  throw  down 
precipitates  in  the  region  of  stable  solutions  i.e.,  in 
the  region  bounded  by  the  base  of  the  triangle  and 
the  ZnO  solubility  isotherm  (Figures  2  and  4),  it  is 
most  sensible  to  select  a  method  that  makes  it  pos¬ 
sible  to  prepare  zincate  solutions  most  quickly.  A 
method  of  this  sort  is  the  saturation  of  a  concentrated 
alkali  with  zinc  oxide  by  heating  the  latter  in  it.  The 
composition  of  the  resultant  solutions  supersaturated 
with  zinc  oxide  indicates  that  we  have  entered  the 
region  of  unstable  solutions  located  above  the  ZnO 
solubility  isotherm. 


These  solutions  can  be  readily  stabilized  by  adding  a  small  quantity  of  alkali  solution  (but  no  water)  so  as 
to  shift  the  composition  of  the  resulting  mixture  into  the  region  of  stable  solutions. 


The  control  tests  we  ran  to  secure  strong  zincate  solutions  bore  out  these  conclusions.  Thus,  2  solutions  of 
alkali,  with  13.5  and  16.5  molar  of  K|0,  were  saturated  with  the  initial  zinc  oxide  at  130-135*.  This  yielded  2 
zincate  solutions,  the  composition  of  which  were  as  follows  at  the  instant  of  their  preparation  (not  shown  in  Figure 
4):  Solution  1  -  13.5')fc  KjO,  5.5^  ZnO;  Solution  2  -  IS.QtJb  KjO,  6.5^  ZnO. 

The  transparent  mother  liquors  separated  from  the  precipitates  soon  began  to  exhibit  turbidity,  which 
could  be  readily  eliminated  by  adding  an  alkali  solution.  In  the  first  instance  we  secured  solutions  shown  in  the 
diagram  of  Figure  4  by  the  twin  circles  and  denoted  as  Nos.  1,  2,  and  3.  In  the  second,  we  secured  the  solution  No. 
4.  Mixing  Solutions  Nos.  1  and  4  together  yielded  Solution  No.  5.  All  five  solutions  proved  to  be  completely 
stable,  dirowing  down  no  precipitate  in  the  course  of  more  than  one  year.  When  these  solutions  were  diluted  with 
water,  their  compositions,  changing  along  the  solution  ~10(X5S>  1^0 .line,  cross  the’solubility’wotherm,  enter  the  meta¬ 
stable  region,  and  throw  down  amorphous  precipitates  widi  time.  At  even  higher  dilutions  they  cross  the  second  iso¬ 
therm,  their  composition  becoming  supersaturated  with  respect  to  crystalline  Zn(OH)2.  with  crystals  of  Zn(OH)t 
settling  out. 


2. Alkaline  Method  of  Leaching  Zinc  out  of  Oxide  Ores* 

We  postulate  that  die  properties  of  the  zincate  solutions  described  above  do  not  exclude  the  possibility  of 
using  them  in  zinc  electrometallurgy  in  which  zincate  solutions  may  be  produced,  as  in  the  processing  of  oxide 
zinc  ores  with  alkali  solutions  followed  by  their  electrolysis  or  the  separation  of  crystals  of  zinc  hydroxide,  similar 
to  the  centrifuging  process  in  the  production  of  alumina,  followed  by  regeneration  of  the  alkali  solutions. 

In  conclusion  we  shall  attempt  to  elucidate  the  mechanism  involved  in  the  aging  of  zincate  solutions,  based 

upon  the  structure  of  the  zincate  molecules  in  solutions.  To  do  this,  let  us  consider  the  nature  of  the  ZnO  and 

Zn(OH)|  solubility  isotherms  in  an  alkali.  As  we  see  in  Figure  3,  the  base  of  these  isotherms  on  the  Na^O-ZnO  side 

of  the  triangle  is  the  point  corresponding  to  the  factor  Na«0  2  .  ^  ^  r  Na,0  1  .  . 

"■  V'  =  —  ,  m  the  first  case,  and  to  the  factor  J*  -  =  r  in  the 
ZnO  1  ZnO  1 

second.  An  explanation  f(x  this  course  of  the  isotherms  is  the  assumption  that  zinc  oxide  or  its  crystalline  hydroxide 
is  converted  into  the  form  of  two  different  stoichiometric  compounds  in  solution. 


As  a  matter  of  fact,  let  us  dissolve  ZnO  in  the  alkalies  denoted  by  the  letters  A,  B,  and  Cin  the  schematic 
Figure  5.  As  these  solutions  are  saturated  with  zinc  oxide,  the  composition  of  the  zincate  solutions  will  shift  along 
the  lines  A— ZnO,  B— ZnO,  and  C— ZnO.  At  the  instant  of  saturation  of  the  solution  or,  as  we  postulate,  at  the  in¬ 
stant  that  all  the  alkali  is  neutralized  by  die  acid  oxide  ZnO.  aqueous  solutions  of  the  stoichiometric  zincate 
nZnO  •  mNa^O  •  yH|0  are  formed,  represented  by  the  letters  a,  b,  and  c,  with  the  constant  factor  of: 


NatO  m  _ 


ZnO 


const. 


It  is  impossible  to  saturate  these  solutions  with  zinc  oxide  any  further,  inasmuch  as  all  the  alkali  has  already 
been  used  up  in  constituting  the  molecules  of  the  given  zincate,  the  zinc  oxide  remaining  as  an  unchanged  deposit. 

*  Priority  claim  No.  373330. 
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In  this  instance  the  ZnO  solubility  isotherm  in  an  alkali  must  coincide  with  the  straight  line  drawn  from  the 

A  similar  position  must  be 


100^  H^O  vertex  of  the  triangle  to  the  base  with  the  constant  factor  of  Na.O 

■  =  consti 
ZnO  ‘ 


occupied  by  the  isotherm  for  the  solubility  of  the  crystalline  Zn(OH)j,  whose  only  difference  from  the  former  one  is 
the  value  of  the  factor  Na.O 

=  consu. 

ZnO  ^ 


Returning  now  to  Figure  3,  we  find  a  considerable  analogy  with  the  foregoing,  the  sole  difference  being  that 
at  high  dilutions  both  of  the  isotherms  deviate  somewhat  from  the  singular  line>towar'dan  increase  in  the  percentage 
of  alkali  per  unit  ZnO,  which  may  be  readily  attributed  to  hydrolysis  of  the  zincate  molecules,  producing  free  alkali 
and  precipitating  part  of  the  insoluble  "zincic"  acid. 


As  has  been  stated  already,  we  found  that  when  the  isotherm  for  the  solubility  of  ZnO  in  NaOH  was  prolonged 
until  it  intersected  with  the  ZnO  —  NajO  side  of  the  triangle,  the  coordinates  of  the  intersection  were  those  of  the 
Na>0  2 

stoichiometric  ratio  =—  (33.33^  ZnO);  this  made  it  possible  to  presuppose  that  the  aqueous  solution  contains  a 

salt  of  the  tetrasubstituted  zincate,  the  anhydride  form  of  which  ought  to  have  the  composition  of  Na^ZnOi-  The 
region  in  which  this  zincate  exists  in  the  solution  ranges  from  the  point  E_to  somewhat  above  the  point  F',  i.e.,  to  a 
point  lying  in  the  supersaturated  region.  These  solutions  have  a  Na^O  content  that  ranges  from  3-  11  molar 
the  corresponding  alkali  concentrations  being  2.5  to  10  moles/liter.  The  deviation  of  the  isotherm  at  the  point  E 
from  its  theoretical  position,  i.e.,  from  the  singular  line,  is  readily  attributable  to  the  appreciable  hydrolysis  of  this 
salt,  since,  in  conformity  with  the  law  of  mass  action,  stable  solutions  of  this  salt  can  exist  only  when  an  excess  of 
alkali  is  present.  In  the  region  of  high  dilutions,  say  97<^  water  and  above,  this  salt  is  apparently  hydrolyzed  to  a 
considerable  extent,  and  the  solubility  isotherm  bends  toward  lOCPjo  HfO. 


Inasmuch  as  the  solubility  of  ZnO  In  H|0  is  extremely  slight,  we  may  confidently  expect  suble  pseudosolu* 
cions  of  ZnO  and  its  hydrates  to  appear  in  this  part  of  the  diagram;  the  existence  of  these  latter  in  alkaline  solutions 
has  been  set  forth  repeatedly;  by  Hantzsch  [10],  Chatterji  and  Dhar  [11],  Dhar  and  Sen  [21],  Feitknecht  [22],  Mehta 
and  Kabadi  [23],  and  others.  It  is  still  difficult  to  render  a  conclusive  verdict  concerning  the  structure  of  the  tetia- 
substituted  zincate,  though  in  any  event  Bredig's  classical  schema,  which  assumes  that  the  hydroxide's  hydrogen  is 
replaced  by  a  metal,  does  not  apply.  Regarding  the  zincate  as  a  coordination  compound,  we  can  give  the  tetrasub¬ 
stituted  zincate  the  structure  of  a  hydroxo  salt,  in  conformity  with  the  views  of  Pfeiffer  [24]: 

[ZnO(OH)4]  Na^  or  [Zn(OH)e]Na4. 

Inspection  of  the  diagram  in  Figure  3  indicates  that  the  tetrasubstituted  salt  cannot  be  isolated  in  the  cryst¬ 
alline  state,  since  as  the  solution  is  concentrated  (decrease  in  the  percentage  of  H|0).  the  less  soluble  salts,  whose 
composition  is  given  by  Muller  [6]  as  NaHZnO|,  by  Forster  [25]  as  NaHZnOi  *  3H|0,  by  Jordls  [26]  as  ZnO  *  Na|0,  by 
Rubenbauer  [27]  as  Na^ZnOi,  by  Goudriaan  [4]  as  NatZnO]  *  4H|0,  and  by  Scholder  [7]  as  one  of  the  following 
hydroxo  compounds: 

[Zn(OH),]Na  •  3H,Oand  [Zn(OH)4]Na,. 

settle  out  of  the  solution. 


In  the  light  of  the  viewpoint  set  forth  above,  the  observations  of  Scholder  and  Weber  [9],  who  found  that 
crystalline  zincates  of  Ba  and  Sr  were  formed  when  barium  and  strontium  hydroxides  were  Introduced  Into  concen¬ 
trated  zincate  solutions  are  highly  Interesting.  In  several  Instances  these  zincates  had  the  composition  of  tetrasub¬ 
stituted  Ba  and  Sr  hexahydroxo  zincates:  [Zn(OH)|]Ba|  and  [Zn(OH)4]Sr|,  which  agrees  with  our  conclusions.  It  may 
be  that  Scholder's  trlhydrate  [Zn(OH)s]Na  *  3H|0  [7]  also  has  the  structure  of  an  acid  salt:  [Zn(OH)4]NaH|. 

As  above,  we  think  we  can  reach  a  conclusion  concerning  the  structure  of  the  zincate  molecule  that  is  in 
equilibrium  with  the  crystalline  Zn(OH)|.  The  solubility  isotherm  for  Zn(OH}|  starts  at  the  Na|0-ZnO  side  of  the 

triangle  at  the  point  where  >  or  50^  ZnO,  and  hence  we  can  assume  that  the  solution  contains  hydrolyzed 

molecules  of  a  disubstltuted  zincate.  The  composition  of  the  anhydride  form  of  this  zincate  must  be:  Na|ZnO^. 

If  we  assume  that  the  structure  involved  here  is  again  that  of  a  hydroxo  compound,  one  of  the  following 
formulas  may  be  attributed  to  the  molecules  of  the  disubstltuted  zincate:  [Zn(OH)4]Na|  [ZnO(OH)|]Na|  or 
[Zn,(OH),]Na4. 

It  is  as  yet  difficult  to  state  which  of  these  structures  is  to  be  preferred,  but  in  any  event  we  can  assert  that  a 
zincate  of  the  composition  ZnO  •  NagO  •  4H|0  or  [Zn(OH)4]Na|  •  2HgO  was  formulated  by  Goudriaan  [4],  and  the 
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following  hydroxo  zlncates:  [Zn(OH)4]Naj,  (Zn(OH)4]Na2  *21110;  fZn(OH)4]Ba  •  1^0,artd[Zn(0H)4]Ba  •  5HO,  and 
lastly  [Zn(OH)4]Sr  •  HjO.  were  isolated  in  the  crystalline  state  by  Scholder  and  Weber  [9],  whereas  Brinzinger  [28]  is 
led  by  his  comparison  of  the  dialysis  "coefficients"  [29]  to  conclude  that  the  potassium  zincate  molecule  must  have 
the  structure  of  [Zn|(0H)|]K4  in  solution,  which  fully  agrees  with  our  conclusions. 

The  latter  molecule,  [Zi^(OH)4lK4,  is  a  doubled  form  of  the  [Zn(0H)4]Kt  molecule  and  may  be  regarded  as 
the  addition  product  of  a  Zn(OH)|  molecule  to  a  molecule  of  the  stable  tetrasubstituted  zincate  [Zn(OH)4]K4,  like 
the  dichromate  molecule,  which  is  considered  to  be  the  result  of  the  introduction  of  a  molecule  of  chromic  anhyd¬ 
ride  into  the  chromate  molecule  [30]: 

NajCr04  +  CrOs  = 

Hence,  if  we  assign  the  structure  of  [Zn(OH)4]Ha4  to  the  molecules  of  the  stable  zincate  and  the  structure 
of  [Zns(OH)|]Na4,  to  the  molecules  of  the  metastable  zincate,  the  aging  of  a  zincate  may  be  represented  by  the 
following  chemical  equation: 

[Zi^(OH),]Na4  5=±  [Zn(OH),]Na4  4  Zn(OH),, 

whence  it  follows  that  during  the  aging  process  the  molecule  of  the  unstable  zincate,  [Zn|(OH)g]Na4,  breaks  down 
into  a  molecule  of  the  stable  zincate  [Zn(OH)4]Na4  and  zinc  hydroxide,  which  settles  out  as  a  precipitate. 

In  conclusion,  1  wish  to  express  my  indebtedness  to  Prof.  A.  P.  Okatov  for  his  aulstance  in  this  research. 
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THE  PREPARATION  OF  POTASSIUM  SILICOMOLYBD  ATES 


E.  A  Nikitina 


Our  joint  paper  with  A. G. Kogan  [1]  described  a  method  of  leaching  rubudium  and  cesium  out  of  Solikamsk 
cai  pailites  with  sllicomolybdic  acid.  The  theoretical  basis  for  this  research  involves  a  systematic  study  of  the  equi¬ 
libria  in  systems  containing  pota.ssiiim,  rubidium,  and.  cesium  silicomolybdates.  There  is  no  Literature  at  all  on  this 
problem;  references  to  potassium  silicomolybdate  are  likewise  very  rare;  the  octobasicity  of  silicomolybdic  acid 
Hg[Si(MojO|)8]  •  xHjjO  presupposes  the  feasibility  of  securing  the;  corresponding  number  of  potassium  salts;  but  all  of 
our  observations  of  si.licomolybdic  acid  indicate  that  its  anion  is  not  very  stable,  and  in  the  paper’  we  wrote  together 
with  A.S.Kokijirttia  [2]  we  advanced  the  hypothesis  that  it  is  highly  unlikely  that  all  eight  of  the  theoretically  pos¬ 
sible  salts  of  .silicomolybdic  acid  with  strong  bases  can  be  prepared;  as  will  be  evident  later  on,  oirr  supposition  has 
been  borne  out. 

Asch  p]  has  described  the  preparation  of  potassium  silicomolybdates  (denoted  hereafter  by  s.m.).  The  au* 
thor  began  by  preparing  a  sodium  s.m.  by  introducing  molybdic  acid  into  a  solution  of  sodium  .silicate  Na,SiO^  • 
9HjO.  The  saturated  solution  of  molybdic  acid  was  evaporated  to  small  volume  at  45®,  crystals  of  the  tetiasubstl ' 
tilted  sodium  s.m.  sett.iing  out  when  the  syrupy  liquid  crystallized.  Asch  secured  hexagonal  pri&ms  of  the  tetrasub- 
.strtuted  potassium  s.m.  K4H4[Si(MojOT)*3  *  xHjO  by  means  of  a  double  decomposition  reaction  with,  potassium,  chio- 
r.ide.  Asch.  found  that  ^he  action  of  from  4.6  to  8  moles  of  hydrochlonc  acid  upon  th;i5  salt  resulted  in  the  partial 
splitting  out  of  a  base,  and  he  Isolated  little  yellow  tablets  of  the  trisubs dtuted  salt;  he  obtained  the  same  irisub- 
stimied  potassium  s.m.  by  reacting  s.m.acid  with  the  tetrasubstituted  salt.  When  he  crystaUized  s.m.  acid  with  2 
moles  of  KNOj,  he  found  that  the  trisubstituted  salt  separated  out  together  with  a  sro.a.ll  qjiantity  of  free  s.m.  acid. 
Kono  [4]  likewise  synmesized  tri-and  tetrasubstituted  potassium  s.m. 

According  to  Asch,  the  action  of  K^COj  upon  the  tetrasubstituted  potassium  salt  decomposed  the  coord.rn.a  * 
ti.on  compound,  yield.ing  potassium  trimolybdate;  the  author's  paper  gives  no  figures  in  .support:  of  this  cor>.clus:.on. 
The  literature  also  contains  a  reference  [5]  to  the  fact  that  the  decomposition  of  poiasaum  s.m.  yields  normal  pot¬ 
assium  molybdate. 


EXPERIMENTAL 
(Together  with  E.  V.  Mogilchenko) 

The  imdal  substance,  s.m. acid,  was  prepared  by  the  method  developed  earlier  [6].  In  synthesizing  the 
hereropoly  acid  we  used  Na^SiOj  •  9HjO  (c.p.  for  analysis)  and  crystalline  MoOj,  wh.ich  we  prepared  by  dehyd.rating 
and  then  calcining  ammonium  paramolybdate. 

In  our  earlier  paper  with  A.G.Koga.n.  we  found  thM  the  yield  of  s.m.  acid  can  be  raised  to  90*54),  based  on  the 
MoOg  ent.ei!i.n,g  .mto  the  reaction;  this  high  yield  was  achieved  by  agitating  sodium  s.m..  very  energetically  and  for  a 
lo.ng  time  (up  to  15  -20  minutes)  in  a  separatory  funnel  with  sulfuric  acid  and  ether.  In  the  present  research  we  dim¬ 
inished  the  quantity  of  HJSO4  (sp.gr.  1.5)  used  in  the  exuaction  of  the  s.m.acid  etherate  with  that  acid.  The  trace  of 
as  much  as  O.l^  SO4"  in  the  .re.sulta.at  s.m.  acid  etherate  was  eliminated  by  adding  a  saturated  solution  of  barium 
hydroxide  to  the  aqueous  solution  of  the  heteropoly  acid.  After  the  precmitated  BaS04  had  been  filtered  out,  the 
soiuOon  of  the  s.m.  ac  id  was  analyzed  to  determine  its  percentage  of  the  active  principle.  This  was  done  by  evap-- 
orating  a  sample  of  the  solution  (1-2  m.l)  to  dryness  on  a  water  bath  and  then  calcining  it  to  constant  weight.  We 
used  solutions  of  the  s.m.acid,  freed  of  the  trace  of  SO4’*  and  containing  a  known  percentage  of  the  heteropoly  anion, 
in  preparuTg  the  potassium  s.m.  We  employed  a  neutralization  reaction,  as  the  basis  of  our  method  for  iweparing 
these  salts.  The  raonosubstituted  potassium  s.m.  was  jxepared  by  neutra.iizing  a  solution  of  s.m.acid  with  the  pre- 
c.isely  calculated  quantity  of  potassium  hydroxide  that  had  been  previously  likewise  qis.solved  in  water;  ftte  resu.U" 
ant  solution  of  monosubs tituted  potassium  s.m.  was  isothermally  evaporated  in  a  desiccator  over  sulfuric  acid  at  a 
room  temperature  of  approximately  18".  The  disubs tituted,  trisubstituted,  and  tetrasubstituted  salts  were  prepared 
by  adding  die  calculated  quantities  of  potassium  hydroxide  to  soluaons  of  the  s.m.  acid,  the  solution  volumes  of 
wh.i.ch  conesponded  to  one  equivalent  of  KOH  in  the  solution;  the  equivalents  of  potassivim  hydroxide  were  added  at 
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intervab  of  10-15  minutes,  with  continuous  stirring;  the  solutions  of  the  s.m.  acid  and  of  the  KOH  were  cooled  with 
water  during  the  adding  of  the  third  and  fourth  equivalents  of  potassium  hydroxide.  All  the  prepared  potassium  s.m. 
were  crystallized  under  the  conditions  set  forth  for  the  monosubstituted  salt.  The  yields  of  the  salts  totaled  about 
80%  of  die  theoretical  values.  The  analyses  of  the  prepared  salts  are  listed  in  the  table  below: 


Substance 

Found  % 

Moles  of 
H2O  found 
in  the  salt 

%  calculated  for 
anhydrous  salt 

K,0 

SiO, 

MoOs 

HjO 

KiO 

SiOi 

MoOj 

1.  Monosubstituted  salt 

KH,[Si(MojOy),]  •  xH,0 

1)  2.80 

3.00 

94.20 

40.73 

40.00 

2.59 

3.27 

94.14 

2)  2.29 

3.39 

94.32 

12.92 

25.85 

— 

— 

2.Disubstituted  salt 

K,H«[Si<Mo^),]  -xHaO 

1)  5.23 

3.02 

91.68 

10.11 

10.64 

5.00 

3.12 

91.78 

2)  4.89 

3.13 

91.98 

13.23 

13.92 

3.  Trisubstituted  salt 

K,H|[Si(Mo,OT)«]  *xH|0 

1)  7.40 

3.10 

89.50 

7.29 

16.20 

7.32 

3.11 

89.57 

2)  7.28 

3.17 

89.55 

7.83 

17.33 

— 

— 

— 

4.  Tetrasubstltuted  salt 

K4H*[Si(Mo,Ot)»]  •  xH^ 

1)9.47 

3.20 

87.33 

3.20 

6.09 

9.51 

3.04 

87.34 

2)  9.60 

3.14 

87.26 

6,97 

7.01 

— 

— 

— 

dominating  in  the  second  one.  The  trisubstituted  salt 
salt  crystallized  as  hexagonal  prisms.  The  quantities 


The  crystals  of 
the  monosubstituted 
salt  settled  out  of 
solution  as  thin  gol¬ 
den-yellow  lamel¬ 
lae.  The  disubsti- 
tuted  salt  crystal¬ 
lizes  as  thin  lamel¬ 
lae  and  as  prismat¬ 
ic  crystals.  In  the 
first  experiment  on 
the  preparation  of 
the  salt,  the  hexa¬ 
gonal  prismatic 
crystals  predomin¬ 
ated.  with  the  lam¬ 
ellar  crystals  pre- 
The  tetrasubstltuted 


crystallized  as  thin  orthogonal  lamellae, 
of  s.m.  acid  used  in  these  tests  varied  from  10  to  250  g. 


We  then  attempted  to  secure  the  pentasubstituted  potassium  salt.  This  was  done  by  adding  a  calculated 
quantity  of  potassium  hydroxide  to  a  solution  of  the  tetrasubstltuted  salt,  both  solutions  being  chilled;  isothermal 
crystallization  yielded  a  white  crystalline  substance,  the  supernatant  solution  being  yellow.  The  white  crystals  were 
filtered  out,  while  the  yellow  solution  was  subjected  to  isotheimal  crystallization  again.  After  several  days  of  stand¬ 
ing  in  the  desiccator  a  gel  of  silicic  acid,  which  retained  the  pale^yellow  color  typical  of  the  s.m.  anion  because  of 
the  adsorption  of  a  small  amount  of  solution  of  the  s.m.  salt,  settled  out  of  the  solution. 

Analysis  of  the  white  crystals  yielded  the  following  results;)  H|0  -  24.55%;  K|0  - 12.87%;  SiO(  -  1.07%;  the 
anhydrous  crystals  contained  17.42%  K|0  and  81.51%  MoOj. 

The  analysis  of  the  resultant  crystals  indicates  that  the  addition  of  the  fifth  equivalent  of  potassium  hydrox¬ 
ide  causes  the  heteropoly  anion  to  decompose,  yielding  potassium  trlmolybdate  with  potassium  silicate  as  an  impur¬ 
ity;  the  following  are  the  calculated  percentages  for  anhydrous  potassium  trlmolybdate:  17.87%  K|0;  82.13%  Mo03. 

This  synthesis  of  potassium  s.m.  shows  that  s.m.  acid  is  not  very  stable,  so  that  only  four  potassium  salts  can 
be  prepared,  in  contrast  to  the  suble  silicowolframic  acid,  for  which  eight  potassium  salts  are  known.  When  the 
KOH  is  added  gradually,  no  salts  of  unsaturated  s.m.  acids  are  formed.  The  fact  that  a  preparation  of  s.m.  acid  of 
precise  composition  is  described  only  once  in  the  foreign  literature  is  apparently  attribuuble  to  some  error  in  anal¬ 
ysis '-failure  to  drive  off  the  molybdenum  trioxlde  completely  during  hydrochlorination.  Even  a  minute  quantity  of 

residual  MoOj  greatly  affects  the  magnitude  of  the  ratio  used  to  evaluate  the  composition  of  the  s.m.  acid. 

SiO| 

We  may  add  that  aqueous  solutions  of  the  potassium  s.m.  we  have  prepared  exhibit  an  acid  litmus  reaction. 


Analysis  of  the  potassium  s.m.  involved  determination  of  water,  molybdenum  trioxide,  silicon  dioxide,  and 
potassium  oxide.  About  1  g  of  the  salt  was  dehydrated  by  the  method  described  by  E.  A.  Nikitina  in  the  analysis  of 
water  in  free  silicomolybdlc  acid  [7];  the  dehydrated  sample  of  salt  was  hydrochlorinated  at  approximately  400*  in 
a  tubular  furnace;  the  hydrochlorination  residue  was  treated  with  water  and  filtered,  the  water  dissolving  the  potas¬ 
sium  chloride,  while  the  SiO|  remains  on  the  filter;  the  filter  was  dried  and  then  burned  together  with  the  SiO|  ixe- 
cipiute  and  calcined  to  consunt  weight;  the  Cl*  in  the  filtrate  was  determined  either  by  Mohr  titration  with  0.05 
AgNO|  or  gravimetrically  as  AgCl;  and  the  percentages  of  K|0  and  of  water  were  calculated  from  the  quantity  of 
KCl  found. 
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SUMMARY 

1.  The  mono-,  di%  tri*-,  and  tetiasubstituted  potassium  salts  of  s.m.  acid  have  been  prepared,  the  monO'  and 
disubstiiuted  salts  being  prepared  for  the  first  time. 

2.  It  has  been  established  that  potassium  paramolybdate  and  a  trace  of  K^SiOj  are  thrown  down  when  the 
fifth  equivalent  of  potassium  hydroxide  is  added  to  s.m.  acid. 

3.  The  prepared  potassium  s.m.  are  acid  salts  of  octobasic  s.m.  acid. 

4.  The  synthesis  of  the  potassium  salts  are  evidence  that  only  the  ultimately  saturated  s.m.  acid  exists,  no 
unsaturated  acids  being  secured  under  these  conditions. 
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THE  FUSIBILITY  DIAGRAM  OF  THE  TERNARY  SYSTEM 


POTASSIUM  FLUORIDE-POTASSIUM  CHLORIDE-POTASSIUM  CHROMATE 


I.S.Rassonskaya  and  A. G. Bergman 


The  results  of  research  on  the  liquidus  of  the  ternary  system  sodium  fluoride  —  sodium  chloride  —  sodium 
chromate,  which  is  i>art  of  the  quaternary  reciprocal  system  of  the  fluorides,  chlorides,  and  chromates  of  sodium  and 
potassium,  have  been  published  previously  [1].  The  investigation  of  this  reciprocal  system  constitutes  a  part  of  the 
research  program  of  the  laboratory  of  molten  salts,  carried  out  in  connection  with  its  exploration  of  multicomponent 
systems.  The  polytherm  of  the  ternary  system  in  question  is  bounded  by  three  binary  systems: 

I.  KH  — KCl  P]  is  a  system  with  a  simple  eutectic  at  55 
mol.  <5S>  KjClj,  fusing  at  605*. 

II.  KCl— KfCrO^ has  been  investigated  by  S.F.Zhemchuz- 
ny  [3],  whose  research  was  duplicated  by  the  present  authors 
(Table  1).  The  fusibility  diagram  given  by  S.F.Zhemchuzny 
consists  of  two  branches  that  meet  at  the  eutectic  point,  658* 
and  52  mol.  KiCl}.  Our  findings  give  the  same  composition 
for  the  eutectic,  but  a  melting  point  of  650*;  the  crystalliza¬ 
tion  branch  for  KfCrO^  comprises  two  curves,  representing 
two  heteromorphic  modifications  of  potassium  chromate,  which 
meet  at  a  point  located  at  666*  and  50  mol.  KiClj. 

in.  KF  -K|Cr04.  The  fusibility  diagram  consists  of 
three  crystallization  branches:  for  potassium  fluoride,  potas¬ 
sium  chromate,  and  the  compound  KF’KxCr04  (i.e.,  KjFj- 
2K2Cr04),  whose  fusibility  curve  exhibits  a  slight  maximum 
at  768*;  the  eutectic  points  are  located  at  732*  and  43  mol. 

“lb  KjCrO^  and  764*  and  69  mol.<7o  KjCrO^. 

The  liquidus  diagram  was  plotted  by  the  vlsual-poly- 
thermal  method  in  a  platinum  crucible.  The  temperature  was  %mtL 

measured  with  a  Pt/R— Au/Pd  thermocouple.  Recrystallized  Fig.  1.  Internal  sections  1,  6,  and  7  of 

salts  were  used  in  this  research.  The  onset  of  crystallization  of  the  ternary  system  K||F,  Cl,  Cr04. 

the  KF  and  the  KCl  was  spotted  very  easily  by  the  formation  of 

crystals  in  the  surface  of  the  dark  melt;  it  was  harder  to  fix  the  onset  of  crystallization  of  KF  -KjjCr04  and 
K2C1O4,  since  these  crystals  were  formed  within  the  dark  molten  mass. 

The  accuracy  of  the  temperature  readings  at  600“  was  approximately  ±2*.  We  plotted  the  polytherms  of  five 
sections  running  from  the  KF  -KjCr04  side  to  the  KCl  vertex,  three  of  which  (2,  3,  and  4)  passed  through  the  com¬ 
pound  region,  and  those  of  two  sections  (6  and  7)  running  from  the  KF  — KCl  side  to  the  K|Cr04  vertex  (Tables  1  and 
2,  Figures  1  and  2). 

Section  4  represents  the  system  KsCl^  —  KjF2*2KjCr04,  with  a  eutectic  point  at  588*  and  57  mol.<5b  KsClj.  Small 
breaks  are  visible  at  612-614“  and  654-660“  on  the  branches  representing  the  crystallization  of  the  compound  (Sec¬ 
tions  2,  3,  and  4),  which  are  apparent  indications  of  the  presence  of  some  modifications  of  the  compound  KF*K|Cr04. 

The  regions  of  crystallization  of  the  components  and  of  the  binary  compound,  characterized  by  the  presence 
of  a  rational  ridge,  are  clearly  visible  in  the  projection  of  the  crystallization  surface  of  the  system  KF  — KCl  — 
K{Ci04  (Figure  3).  The  data  in  the  literature  [4,  5]  as  well  as  our  own  determinations  indicate  that  potassium 
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TABLE  1 


Nos. 

Section  1 

Section  5 

Section  6 

1  Section  7  | 

Binary 

35f%  KjCrOn^  > 

6»5bK,F,  J 

29)1.  k,f. 

597o  KjF,  1 
455b  KtClJ 

K,Cli  -K2Cr04 

|mo1.<7o 

t 

1  Mol.<5b  1 

t 

t 

1  Mol.«ib  1 

t 

t 

losn 

tmm 

SI 

1 

0 

762* 

0 

826* 

0 

661* 

0 

750* 

0 

772* 

2 

5 

738 

5 

798 

5 

647 

5 

739 

15 

742 

3 

10 

718 

10 

773 

10 

636 

10 

730 

30 

705 

4 

15 

696 

15 

752 

15 

624 

15 

717 

45 

660 

5 

20 

674 

20 

724 

20 

610 

20 

706 

47 

650 

6 

25 

655 

25 

710 

25 

596 

25 

690 

49 

654 

7 

30 

629 

30 

680 

30 

596 

30 

675 

51 

661 

8 

35 

606 

35 

664 

35 

615 

35 

659 

52 

664 

9 

40 

582 

40 

641 

40 

633 

40 

672 

53 

672 

10 

45 

576 

45 

620 

45 

643 

45 

683 

55 

687 

11 

50 

606 

50 

650 

50 

655 

50 

693 

60 

718 

12 

55 

627 

55 

671 

55 

672 

55 

702 

65 

750 

13 

60 

648 

- 

- 

60 

704 

70 

766 

70 

784 

TABLE  2 


Section  2 

Section  3 

Section  4 

Nos. 

505,  KjCiOjI 

5»*,K.F,  J 

60*  KjCrQl 

66.5<7o  KjC 
33.5<7o  K*F, 

Mol.<^^ 

K,C1. 

t 

Mol.'^b 

t 

Mol.<7o 

KjCl* 

t 

1 

0 

740* 

0 

760* 

0 

767* 

2 

5 

724 

5 

737 

5 

742 

3 

10 

708 

10 

716 

10 

719 

4 

15 

689 

15 

692 

15 

695 

5 

20 

668 

20 

667 

20 

676 

6 

25 

647 

25 

650 

25 

654 

7 

30 

620 

30 

627 

30 

634 

8 

31 

615 

32 

615 

35 

620 

9 

32 

607 

33 

609 

36 

615 

10 

33 

603 

34 

607 

37 

612 

11 

34 

599 

35 

604 

38 

610 

12 

35 

594 

36 

600 

39 

607 

13 

37 

585 

37 

591 

40 

605 

14 

40 

569 

39 

585 

41 

602 

15 

45 

585 

40 

579 

42 

594 

16 

50 

612 

45 

597 

45 

600 

17 

55 

634 

55 

642 

55 

650 

18 

60 

654 

65 

680 

70 

706 

chromate  possesses  a  transition  point  at 
666*.  Inasmuch  as  KfCrO^  does  not 
form  solid  solutions  of  any  perceptible 
concentrations  with  either  potassium 
chloride  or  the  compound  KF‘ICjCr04 
in  the  case  we  are  dealing  with  the 
666*  isotherm  of  the  K2Cr04  crystal¬ 
lization  region  is  the  boundary  between 
the  regions  of  two  modifications  of  the 
latter;  a  *  K|Cr04  and  B  >  KfCr04. 

To  check  whether  various  modi¬ 
fications  of  the  compound  KF*K|Cr04 
exist,  we  utilized  the  heating  and  cool¬ 
ing  curve  method,  using  the  N.S.Kur- 
nakov  differential^ecording  pyrometer. 
Uniformity  of  heating  was  achieved  by 
using  a  potential  regulator.  The  tested 
composition  and  the  standard  (Al|Os) 
were  placed  in  platinum  crucibles, and 
bare  Pt— Pt/Rh  thermocouples  were 
lowered  into  the  crucibles.  Heating 
curves  were  plotted  both  for  a  1;1  mix¬ 
ture  of  unfused  KF  and  K{Cr04  and  for  a 
1:1  melt  of  the  two. 

The  potassium  chromate  trans¬ 


formation  effect  appears  at  666*  on  the 
heating  curves  for  the  mixture  in  the  solid  state.  The  heating  and  cooling  curves  of  the  compound  KF*K|Cr04  exhib¬ 
it  only  the  transformation  effect  in  the  solid  state  at  612*  (Figure  4).  We  also  plotted  heating  and  cooling  curves 
for  mixtures  and  melts  whose  co.mpositions  lay  In  the  KF'K£Cr04  area  within  the  triangle.  We  found  that  in  addition 
to  the  eutectic  arrests  all  the  melts  exhibited  a  transformation  effect  in  the  solid  state  at  612*.  No  effect  was  ob¬ 
served  at  654-660*  which  apparently  indicates  there  is  a  homeomorphous  transformation  at  that  temperature.  Hence, 
we  may  conclude  from  the  heating  and  cooling  curves  that  the  KF‘KjCr04  compound  possesses  a  heteromorphous 
transformation  at  612*.  This  is  reflected  in  the  fusibility  diagram  of  the  ternary  system  (Figure  3).  The  boundary 
between  the  two  homeomorphous  varieties  is  shown  by  the  dashed  line. 


*  A.G.Bergman  is  the  author  of  the  conclusion  regarding  homeomorphism. 
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SUMMARY 


A  study  of  the  ternary  system 
KF-KCL— K2Cr04^  by  the  visual  poiy- 
theirnal  method  and  of  some  areas  of 
the  diagram  by  the  method  of  heating 
and  cooling  curves  has  established  that:- 

1.  The  surface  of  the  ternary 
system’s  hquidus  consists  of  seven 
crystallization  regions:  KCl,  KF, 

a  ■K2Ct04,  6  -K2Cr04.  a-KF-K2Cr04, 
B-KF'K2Cr04  and  y  -KF-K2Cr04. 

2.  This  system  has  two  eutectic 
points  corresponding  to  the  crystalliza¬ 
tion  of: 

a)  KCl  +  KF  +  y-KF-K2Cr04- 
563*  and  a  composition  of  41.5  mol.'^fc 
K2CI2  +  24  moi^Jo  K2Cr04  +  34  5  mol.<^ 

b)  KCl  +  6-K2Cr04  +  y-KF- 
K2Cr04  at  576*  and  a  composition  of 
42  mol,  KjCIi  +  18. 570  K2F2  +  39.5 
mol7>K2Cr04,  and  the  transition  points 
corresponding  to  the  crystallization  of: 

c)  KF  +  6  •KF-K2Cr04  +  y-KF- 
K2Cr04  at  612"  and  a  composition  of 
26  mol.7,  K2CI2  +  44  mol.7,  K2F2  + 

30  mol  7o  K2Cr04: 


15  SO  Tf 

Ho\.  % 

Fig.  2.  Internal  sections  2.  3,  4  and  5  of  the  ternary  system 
K|I  F.  Cl,  Cr04. 


Vf-KtCrO^ 


Fig.  4.  Differential  heating  and  cooling 

curves  of  the  compound  KF‘K2Cr04. 


V/4 


Fig.  3.  Polytherm  of  the  ternary  system  Kjl  F.  Cl,  Cr04. 


d)  7-KF-K2Cr04  +  6-KF'KjCr04  +  6-KjCr04  at  612*  and  a  composition  of  31  mol.<7o  K2CI1  +22  mol.®/o 
KjF,  +  47  mol.<55)  K2Cr04; 

e)  a-KF  KjCr04  +  a  -KjCr04  +  6-K|Cr04  at  666*  and  a  composition  of  19  mol.%  KiCls  +  25  mol,'^  K|F|  + 
56  mol.'jb  K|Cr04; 

f)  6-KF’K2Cr04  +  a  -KF*KjCr04  +  KF  at  656*  and  a  composition  of  16  mol  ^Jo  KxClj  +  49  mol  <’]o  KjF*  +  35 
mol  °Jo  K2CrC4 ; 

g)  6-KF-K2Cr04  +  a  'KF'K2Cr04  +  6  -K2Cr04  at  656*  and  a  composition  of  2\mo\?lo  K2CI2  +  25  mol.^lib 
K1F2  +  54  mol.*^  K2Cr04. 
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THE  FORMATION  OF  DENDRITES  IN  THE  ELECTROLYSIS  OF  GLASSES 


B.  I  .  Markin 


The  formation  of  dendrites  Is  of  great  practical  and  theoretical  interest,  both  in  the  electrolysis  of  aqueous 
and  nonaqueous  solutions  of  certain  salts  and  in  the  electrolysis  of  solid  salts  and  glasses. 

The  present  paper  constitutes  an  endeavor  to  ascertain  the  mechanism  involved  and  the  nature  of  dendrite 
formation  during  the  electrolysis  of  solid  glasses 

1.  The  electrolytic  nature  of  the  conductivity  of  glasses  was  established  a  long  time  ago  [1,  2,  3].  Those 
glasses  that  contain  oxides  of  the  alkali  elements  exhibit  the  highest  conductance.  When  an  electric  field  is  im¬ 
pressed  upon  a  glass,  a  cunent  passes  through  it,  due  to  the  motion  of  the  ions  of  the  alkali  metals.  It  was  shown 
rliar  when  a  glass  containing  sodium  oxide  is  electrolyzed,  sodium  is' deposited  at  the  cathode,  its  quantity  rigidly 
complying  with  Faraday's  law.  Normal  electrolysis  of  glasses  is  effected,  however,  only  when  anoalgams  of  the 
alkali  metals  or  electrodes  made  of  their  molten  salts,  containing  the  same  cations  as  are  present  in  the  glass,  are 
utilized  as  electrodes.  Under  these  conditions  a  glass  can  be  electrolyzed  as  long  as  we  wish,  provided  its  chemi¬ 
cal  and  physical  properties  remain  unchanged. 

When  electrodes  of  platinum,  meicury.  or  other  metals,  whose  oxides  are  not  present  in  the  glass  under  test, 
are  employed,  the  current  drops  off  greatly  as  the  electricity  passes  through  the  glass.  This  is  due  to  the  fact  that 
the  field  causes  the  mobile  ions  of  the  alkali  metals  to  leave  the  region  around  the  anode,  thus  establishing  a  poorly 
conducting  layer  of  glass. 

When  a  metal  or  a  metal  amalgam  whose  oxide  is  not  part  of  the  glass  composition  is  employed  as  the  anode 
a  large  percentage  of  the  foreign  metal  may  be  introduced  mto  the  volume  of  the  glass.  This  produces  a  change  in 
the  chemical  composition  of  the  glass  besides  causing  sigmficant  changes  in  its  physical  properties.  When  a  sub¬ 
stantial  percentage  of  lithium  is  Introduced  into  sodium  glass,  for  example,  the  latter  turns  milky-white  and  brittle 
and  is  easily  broken.  When  potassium  is  introduced  into  sodium  glass,  the  glass  decrepitates.  This  phenomenon  Is 
due  to  the  different  volumes  of  the  alkali  metal  ions.  The  alkali  meta  Is  in  glass  are  replaced  by  silver  fairly  read¬ 
ily,  the  glass  turning  yellow  or  brown  and  becoming  brittle.  The  ability  of  silver  to  replace  the  alkali  metals  when 
glasses  are  electrolyzed  enabled  researchers  to  make  direct  measurements  of  the  cation  transference  number  in 
fused  borax  [4,  5].  The  transference  number  turned  out  to  be  one  with  an  accuracy  of  1  to  2'^fc,  which  indicates  the 
unipolar  nature  of  conductance  in  glas.ses. 

It  is  essential  that  the  chemical  composition  and  the  physical  properties  of  glasses  be  conserved  during  any 
investigation  of  their  conductance.  That  is  why  the  conductance  of  glasses  must  be  measured  by  the  use  of  active 
electrodes,  such  as  amalgams  of  the  metals  whose  oxides  are  consutuents  of  the  glasses  tested.  We  used  this  method 
in  Invesugating  the  conductance  of  various  binary  and  ternary  systems  of  borax  glasses  [6]. 

The  electrolysis  process  proceeded  normally  during  the  prolonged  electrolysis  of  all  glasses  belongmg  to  the 
foregoing  systems,  no  changes  in  chemical  or  physical  properties  being  observed  after  electrolysis  was  over.  A 
somewhat  different  state  of  affairs  was  found  to  prevail  when  we  explored  the  conductance  of  borax  glasses  that 
contained  silver  [7].  When  we  measured  the  conductance  of  these  latter  glasses  with  electrodes  of  silver  amalgam, 
we  noticed  that  their  conductance  was  highly  unstable  after  even  comparatively  brief  electrolysis.  The  electro¬ 
meter  thread  fluctuated  over  a  wide  range,  sometimes  moving  out  of  the  field  of  vision  entirely.  The  storage-battery 
voltage  was  also  unstable  during  this  period,  fluctuating  wildly.  After  the  test  was  over,  the  sample  of  glass  was 
dark  and  opaque.  Dissemination  of  metal  throughout  the  volume  of  the  glass  is  visible  with  the  naked  eye.  We 
found  that  metallic  fibers— dendrites— grow  from  the  cathode  to  the  anode  during  electrolysis,  short-circuiting 
the  anode  and  the  cathode.  The  instability  of  the  electrometer  thread  and  of  the  battery  voltage  is  due  to  the 
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fact  that  the  anode  and  the  cathode  are  shorted  by  dendrites,  which  are  then  barned  out  as  the  result  of  the  passage 
of  a  comparativeiy  high  eiextrxc  current  through  them.  Samples  of  these  glasses  had  so  many  metallic  threads  running 
through  then'  that  we  were  able  to  pass  currents  of  0.5  to  0.7  amps  through  such  glass.  We  also  observed  dendrites 
forming  when  we  utilized  eiecaodes  made  of  silver  or  platinum  plates. 

The  glass  sample  employed  far  the  test  using  platinum  electrodes  exhibited  the  polarization  that  is  customary 
fa  glasses,  but  after  some  time  had  elapsed  metallic  threads  were  seen  to  form  within  the  glass.  The  thread  of  the 
electrometer  quivered,  and  the  resistance  of  the  glass  was  unstable.  It  should  be  noted  that  the  strongest  and  most 
rapid  formation  of  dendrites  occurred  in  borosilver  glasses  when  they  contained  mae  than  40^  of  silver  oxide.  When 
borosilver-alkali  glasses  were  electrolyzed,  dendrices  began  to  form  when  their  percentage  of  silver  oxide  was  lower, 
which  is  aRjarently  due  to  a  certain  increase  in  the  conductance  of  these  glasses. 

We  observed  an  analogous  formation  of  dendrites  when  we  investigated  the  conductance  of  glasses  that  con¬ 
tained  monovalent  thallium.  As  the  fiercentage  of.  the  metallic  oxide  in  the  glass  was  increased,  the  passage  of  the 
electric  current  again  led  to  the  formation  of  dencLrites.  It  should  be  noted  that  dendrites  are  produced  not  only  near 
the  electrodes,  but  a^so  at  theijc  periphery,  in  fitie  Latie:.  instance  they  run  mostly  m  the  plane  of  the  glass.  The 
r  eason  for  this  phenomenon  'js  apparentiy  the  nonfiomogeneity  of  the  electric  field  at  the  edges  of  the  electrodes. 

Figure  1  (See  p-ate  page  ll4l)  .ts  a  mirroptotograi^t.  of  a  thallium  dendrite  formed  in  the  plane  of  the  glass. 
Silver  dendrites  are  of  the  same  shape,  The  photograph  clearly  shows  that  the  dendrites’  structures  differ  greatly. 

In  addition  to  the  fine  trureads,  there  are  a.reas  where  a  substantial  quantity  of  metal  has  been  deposited.  It  is  char¬ 
acteristic  that  on  the  side  fac.mg  Lhe  cat'riode  the  base  of  the  dendrite  is  a  thin  thread,  suiting  from  a  point  on  the 
surface  of  the  glass.  As  we  travel  to  the  anode,  this  thread  branches  out  into  a  widely  branched  dendrite. 

2.  The  formadqn  of  dendrites  in  glasses  conuining  silver  or  thallium  oxide  that  we  have  discovered  is 
typical  of  salt  crysuls.  mvesiigations  have  shown  that  the  electrolysis  of  solid  salts  involves  an  ion  transfer  that 
rigidly  obeys  Faraday's  law  [1,  4,  8].  It  was  also  noted  that  in  the  electrolysis  of  most  salts  the  metal  sepaiatii^ 
out  at  the  cathode  is  not  deposited  uniformly  upon  the  laner,  in  most  instances  penetrating  into  the  salt  as  den¬ 
drites,  which  grow  frxim  the  cadiode  to  tfte  anode  as  the  current  passes.  When  electrolysis  is  prolonged,  the  den¬ 
drites  grow  all  the  way  to  tne  anode,  shor. -circuiting  the  anode  and  cathode.  At  the  instance  of  short  circuit  a  high 
current  passes  through  the  dendrites,  burning  them  out  and  staying  them  throughout  the  salt.  It  was  noted  that  the 
salt  was  colored  brown,  red,  a  blue  at  these  points. 

The  formation  of  dendrites  during  tne  electrolysis  of  solid  salts  constituted  one  of  the  most  serious  obsucles 
in  determining  the  ion  transference  numbers  m  salts,  since  it  is  impossible  to  determine  the  percenuge  of  the  metal 
in  atomized  form  or  in  dend<rites.  It  was  dete.rmined  experlmenully  that  dendrites  grow  extremely  slowly  during 
the  electrolysis  of  crystals  of  silver  jodlde.  This  salt  was  therefore  suggested  for  use  as  an  mtermedlate  salt  between 
the  cathode  and  the  salt  under  test  in  order  to  prevent  the  formation  of  dendrites  in  the  course  of  electrolysis  [4],  At 
about  the  same  tune  S.  Ai  Shctiukarev  pointed  out  that  silicate  cover  glasses  could  be  utilized  for  this  purpose  [9]. 

It  should  be  noted  at  this  poinr.  that  the  formation  of  dendrites  likewise  interferes  with  the  measurement  of  the 
conducunce  of  sliver  glasses  when  they  contain  a  high  percenuge  of  silva  oxide.  We  used  an  intermediate  sheet  of 
fused  baax  in  measuring  conductance  in  this  case  to  eliminate  the  formation  of  dendrites,  inserting  It  between  the 
cathode  and  the  glass  sample  being  tested.  No  dendrites  were  formed  even  when  electrolysis  was  carried  out  for  a 
long  time. 

In  their  study  of  a  sample  of  rock  salt  in  a  constant  field,  Walther  and  Inge  likewise  observed  dendrites  foxm- 
ing[10].  The  authors  comment  that:  the  growth  pcoceBS  of  the  dendrites  can  be  readily  observed  in  crystals  of  sodium 
chloride  at  temperatures  above  360^^,  it  beJiig  imporunt  to  bear  in  mind  that  this  involves  the  creation  of  nonuni¬ 
formity  of  the  field  at  the  cathode  at  the  su.rt  of  electrolysis. 

A  needle,  serving  as  a  cathode,  was  impressed  into  a  rock  salt  crysul  in  order  to  produce  such  a  nonuniformity 
of  die  field.  When  a  consunt  field  with  a  voluge  of  8-10  kv  was  applied,  a  violet  cloud  begain  to  appear  around  the 
cathode  after  10-15  minutes  had  elapsed,  spreading  out  toward  the  anode,  while  reddish  sparks  were  seen  Inside 
the  crystal.  When  we  examined  the  crystal  after  this  test,  using  moderate  magnification,  thin  violet  threads  were 
visible,  reaesentlng  the  paths  along  which  electrolysis  occurred  and  meullic  sodium  was  deposited.  The  sodium 
vapaized  as  the  result  of  the  h’gh  current  density  along  this  path,  yielding  a  colloidal  raeul.  For  the  most  part 
these  dueads  were  aligned  with  me  edges  of  the  crysul  cube.  The  dendrites  within  the  crysul  had  the  same  shape 
as  those  we  had  observed  in  glasses  (Fig.  1). 


‘  3.  In  preparing  borax  glasses  containing  silver  and  thallium  oxides  our  attention  was  drawn  to  the  fact  that 

these  glasses  were  colored  yellow,  in  contrast  to  all  the  other  glasses  we  had  handled.  The  yellow  color  of  silver 
and  thallium  glasses  grows  very  much  stronger  as  the  percentage  of  the  metal  oxide  is  increased,  becoming  dark- 
brown  in  glasses  containing  approximately  60^  of  the  oxide. 

Glasses  that  contain  silver  oxide  are  coated  with  an  extremely  thin  film  of  metallic  silver  after  solidifying 
and  cooling,  no  matter  what  their  composition.  In  glasses  with  a  high  silver  oxide  content  this  film  covers  the 
samples  with  a  dense,  opaque  metallic  mirror.  As  we  know,  the  color  of  glasses,  such  as  those  colored  with 
gold  salts,  is  due  to  the  presence  of  colloidal  particles  of  gold  within  the  solid  glass  [11,  12].  The  color  of  the 
glasses  we  tested  was  likewise  due  to  their  containing  colloidal  particles  of  silver  and  thallium.  With  a  micro¬ 
scope  fitted  with  a  cardioid  condenser  we  succeeded  In  detecting  colloidal  particles  of  metal  in  the  glass.  To 
do  this  we  carefully  polished  glass  samples  that  contained  lOPjo  thallium  oxide.  The  glasses  had  the  shape  of  thin 
plates  about  1  mm  thick.  Glycerol  was  used  as  the  immersion  liquid.  The  microscope  field  showed  the  usual 
picture  of  colloidal  particles,  the  sole  difference  being  the  absence  of  any  Brownian  movement.  Figure  2  is  a 
microphotograph  of  colloidal  thallium  part-toles  observed  in  the  glass  plate  (see  plate  page  1141).  In  the  figure 
we  clearly  see  the  particles  that  lie  at  the  micru<scope’s  focus,  together  with  several  blurry  spots,  due  to  particles 
above  and  below  the  layer  in  question.  As  we  move  the  microscope's  tube  up  and  down  by  means  of  the  focusing 
screw,  we  can  easily  see  that  the  colloidal  particles  are  distributed  at  random  throughout  the  glass. 

A  much  clearer  picture  is  obuined  If  we  use  a  thin  film  of  glass  Instead  of  a  plate.  Figure  3  is  a  micropho¬ 
tograph  of  colloidal  silver  particles  observed  in  a  thin  film  of  borosUver  glass. 

4.  It  was  stated  i^eviously  that  in  preparing  glasses  containing  silver  oxide  we  utilized  silver  nitrate,  which 
decomposed  during  the  melting  of  the  glass,  giving  off  nitrogen  oxides  and  part  of  the  metallic  silver,  which 
settled  as  drops  on  the  bottom  of  the  crucible.  Part  of  this  deposited  silver  dissolved  in  the  molten  glass.  When 

it  dissolves ,  this  silver  apparently  does  not  yield  molecular-disperse  solutions  in  the  glass,  but  dissolves  as  particles 
whose  dimensions  range  from  amicrons  to  colloidal  particles.  We  have  observed  colloidal  particles  of  the  metal, 
both  in  hard  glass  and  in  annealed  glass.  The  mmute  particles  of  metal  may  be  aggregated  to  the  dimensions  of 
colloidal  particles  during  the  annealing  of  tne  glasses,  like  the  particles  of  gold  in  the  production  of  ruby  glasses. 

We  found  that  the  solubility  of  silver  rises  as  the  percentage  of  silver  oxide  in  the  glass  is  Increased.  The  solu¬ 
bility  of  metallic  silver  is  low  in  glasses  containing  up  to  30^  of  silver  oxide,  and  they  contain  few  colloidal  par¬ 
ticles.  This  is  Indicated  by  the  absence  of  color  in  these  glasses.  As  the  percentage  of  silver  oxide  is  Increased, 
the  color  turns  from  pale-yellow  to  bright -orange  and  dark -brown  in  glasses  that  contain  60Jb  of  silver  oxide. 

In  preparing  glasses  that  contain  thallium  oxide,  we  utilized  reagents  prepared  by  oxidizing  finely  pulverized 
metallic  thalliiun  in  air  at  80-90*.  During  melting  we  noticed  an  increase  in  the  Intensity  of  the  glasses'  color 
as  the  percentage  of  the  metallic  oxide  was  raised.  Glasses  that  contain  60-70<^  of  thallium  oxide  were  identical 
in  appearance ,  transparent,  and  dark-brown  in  color.  It  may  be  thought  that  not  all  the  meul  was  oxidized  during 
the  process  of  preparing  thallium  oxide  from  the  metal,  but  dissolved  in  the  melt  during  the  fusion  of  the  glass, 
yielding  colloidal  particles  that  are  responsible  for  the  color  of  the  glasses.  To  eliminate  any  introduction  of  un- 
oxldized  thallium  into  the  composition  of  the  glass,  we  prepared  the  oxide  chemically  by  reacting  a  solution  of 
thallium  sulfate  with  barium  hydroxide.  The  precipitated  barium  sulfate  was  filtered  out,  and  the  solution  of 
thallium  hydroxide  was  evaporated.  The  deposit  of  thallium  hydroxide  was  converted  into  the  oxide  by  h  eating 
it  in  air  to  100*  in  a  diermostat.  In  contrast  to  the  initial  glasses,  the  glasses  prepared  with  this  reagent,  which 
contained  60-70^  of  thallium  oxide,  were  pale-yellow  rather  than  dark -brown,  which  indicates  that  in  the  former 
case  the  reagent  contained  an  appreciable  percentage  of  metallic  thallium.  The  pale-yellow  color  of  the  glasses 
prepared  from  pure  thallium  oxide  is  apparently  due  to  the  fact  that  a  small  portion  of  the  thallium  oxide  is  re¬ 
duced  at  high  temperature  to  the  metal,  which  is  dissolved  in  the  melt. 

If  we  introduce  pieces  of  metallic  thallium  into  a  molten  mass  of  borothallium  glass,  bubbles  of  gas  appear 
in  the  molten  mass,  which  rise  to  the  surface  and  produce  green  flashes.  After  the  thallium  dissolves  in  the 
molten  mass,  the  latter  turns  dark-brown  and  much  more  viscous  than  before  the  metal  had  dissolved  in  it. 

When  we  examine  these  glasses  under  a  microscope  with  a  cardioid  condenser,  we  see  a  large  number  of  colloid¬ 
al  particles  throughout  the  glass  (Fig.  2). 

5.  It  was  pointed  out  somewhat  earlier  that  we  observed  no  formation  of  dendrites  during  electrolysis  when 
we  explored  the  conductance  of  glasses  of  widely  varying  composition.  Only  in  the  electrolysis  of  glasses  that 
contain  silver  and  thallium  oxides  is  the  formation  of  dendrites  observed.  As  has  been  shown,  there  are  colloidal 
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particles  of  silver  and  thallium  ihioughout  these  glasses,  which  are  responsible  for  their  color. 

It  is  natural  to  suppose  that  the  presence  of  these  colloidal  metal  particles  in  a  solid  glass  is  responsible 
for  the  formation  of  metallic  threads  and  occlusions  of  dendrites  within  the  glass. 

6.  Somewhat  earlier  we  pointed  out  that  no  dendrites  are  formed  in  binary  systems  of  alkali  borax  glasses  no 
matter  how  long  electrolysis  is  continued. 

We  were  interested  in  checking  the  hypotheses  we  have  just  advanced  by  electrolyzing  a  borax  alkali 
glass  after  having  dissolved  an  alkali  metal  within  it.  The  preparation  of  such  glasses  constituted  a  complicated 
job.  We  know  that  alkair  medals  react  vt.gorously  at  high,  temperatures  with  boron  oxide,  displacing  the  boron, 
and  with  sLUca,  displacing  Lt-e  silicon.  Moreove-,  at  high  remperamres  it  is  extremely  hard  to  introduce  an  alkali 
nBtal  into  molten  glass,  as  raucr.  of  .it  bums  up. 

The  experiments  were  begun  with  our  preparing  a  borax  sodium  glass.  This  was  done  by  melting  borax 
and  eleccoiyzuig  .u  in  the  molten  state,  g:'aph.ite  rods  being  used  as  electrodes.  Electrolysis  lasted  15-20  minutes, 
at  a  current  of  some  2  arr.  ps. 

Some  of  the  metali.<c  sodium  deposited  at  the  cathode  burned,  rising  to  the  surface  of  the  molten  mass, 
though  part  of  it  d,-s!»iyed  in  gia.s!:.  The;.e  were  minute  bubbles  throughout  all  me  molten  mass.  The  viscosity 
of  the  mass  increased  substandaiiy.  a«  was  the  case  when  s.Uver  and  thallium  were  dissolved  in  glasses  that  con¬ 
tained  oxides  of  these  meta.ls.  We  endeavored  to  introduce  pieces  of  metallic  sodium  into  the  melt  without  el¬ 
ectrolysis.  The  resulang  pictujre  was  tne  same  as  wnen  the  sodium  was  introduced  by  electrolysis. 

The  melt  was  kept  m  ihe  furnace  until  the  glass  wa.s  formed  into  sheets,  in  o.rder  to  let  some  of  the  bubbles 
escape  from  the  moiten  mas.*.  Flashes  were  obse.rved  at  the  surface  of  the  molten  mass,  due  to  the  burning  par¬ 
ticles  of  sodium.  Still,  the  formed  and  annealed  glass  contained  some  bubbles  and  was  pale-yellow  in  color.  The 
piate  of  glass  was  poJ.ished  and  then  examin.ed  in  a  microscope  ecpiipped  with  a  catdioid  condenser.  Colloidal 
particles  were  visible  within  the  g3.ass,  but  they  were  few  in  number  and  were  ha.rd  to  observe  due  to  scattering 
of  light  by  the  bubbles  left  after  the  molten  mass  had  soiid.tfied. 

To  secure  a  clearer  picture,  we  prepared  thin  f.tlms  of  glass,  in  which  the  colloidal  particles  of  metal 
were  clearly  visible.  The  overall  picture  was  the  same  as  In  the  photographs  reporduced  In  Figs.  2  and  3.  Our 
electrolysis  of  such  a  hard  glass  at  a  temperature  of  some  300”,  using  electrodes  of  sodium  amalgam,  showed  that 
dendrites  grow  throughout  the  glass  f.<x)m.  the  cathode  to  the  anode.  The  behavior  of  the  electrometer  thread  and 
of  the  battery  voltage  was  the  same  as  that  described  above.  Meullic  occlusions  were  visible  within  the  glass 
with  the  naked  eye.  It  should  be  noted  that  in  this  case  the  growth  of  dendrites  required  electrolysis  for  a  much 
longer  time  than  was  needed  for  the  p)X}ductlon  of  s.Uver  and  thaUium  dendrites. 

Analogous  tests  were  made  with  borolithium  and  boropotassium  glass.  The  lithium  glass  contained  13^ 
of  lithium  oxide,  the  potasshun  glass  contafjung  40*^  of  potassium  oxide.  The  lithium  was  introduced  into  the 
molten  glass  by  electrolysis  as  well  as  by  adding  it  as  pieces.  The  potassium  was  added  only  by  electrolysis. 

In  both  instances  tne  molten  mass  exhibited  higher  viscosity  and  a  larger  number  of  bubbles. 

Dendrites  were  obse.nted  to  form  during  electrolysis  of  these  glasses,  as  in  the  case  of  the  sodium  glass. 

The  resistance  of  the  glasses  and  the  battery  voltage  were  highly  unstable  during  the  process  of  electrolysis,  as 
was  the  case  in  the  previous  experiments. 

A  microphotograph  of  a  sodium  dendrite  is  shown  in  Fig  4  (see  plate  page  1141)  It  should  be  noted  that 
its  form  differs  greatly  from  that;  of  thallium  and  silver  dendrites.  The  sodium  dendrites  are  big,  dense  lamellae. 
The  top  of  the  dendrite,  extending  toward  the  anode,  is  very  uneven,  consisting  of  thin,  narrow  lamellae  of  true 
form.  The  lithium  dendrites,  photographs  of  which  are  shown  in  Figs.  5  and  6,  are  of  approximately  the  same 
shape.  These  photographs  show  die  appearance  of  a  fracture  of  a  lithium  glass  sample  after  electrolysis.  The 
difference  between  the  forms  of  the  dendrites  of  the  alkali  metals  and  those  of  the  silver  and  thallium  dendrites 
is  apparently  due  to  the  circumstance  that  the  alkali  metals  are  deposited  in  the  liquid  state  under  the  condi¬ 
tions  of  the  experiment  (electrolysis  of  the  glass  being  carried  out  at  approximately  300”),  whereas  the  dendrites 
of  silver  and  thallium  were  produced  at  temperatures  below  these  metals'  melting  points. 

7.  We  are  inclined  to  attribute  the  formation  of  dendrites  In  the  electrolysis  of  glasses  that  contain 
colloidal  metal  particles  withiji  them  to  the  nonuniformity  of  the  glasses'  surface  in  contact  with  the  elec¬ 
trodes,  particularly  with  the  cathode.  Actually,  if  there  are  nonuniformities  at  the  surface  of  the  glass  in 
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the  shape  of  metallic  particles  that  are  in  contact  with  the  metallic  cathode,  the  current  density  will  rise  in  the 
vicinity  of  these  particles.  Thus,  some  of  the  ions  are  not  directly  discharged  at  the  cathode  during  the  process 
of  electrolysis,  but  rather  at  these  particles  within  the  glass.  This  results  in  an  increase  in  the  number  of  particles 
emerging,  leading  to  a  growth  of  threads  within  the  glass.  This  increase  continues  until  the  metallic  thread 
reaches  the  anode. 

What  we  have  set  forth  is  illustrated  by  the  photographs  in  Figs.  1,  5,  and  6. 

These  photographs  clearly  show  the  spot  at  the  surface  of  the  glass  in  contact  with  the  metallic  cathode  at  which 
dendrites  begin  to  build  up  within  the  glass. 

From  this  pdnt  of  view  we  can  understand  the  formation  of  dendrites  during  the  electrolysis  of  rock  salt 
in  the  experiments  by  Walther  and  Inge  described  above.  The  nonuniformity  of  the  cathode  surface,  produced 
artificially  by  dre  metallic  needle  paessed  into  the  salt,  results  in  the  formation  of  dendrites.  The  formation  of 
dendrites  during  dre  electrolysis  of  salt  crystals  is  usually  related  to  die  uneven  deposition  of  metal  at  the  cathode. 
The  unevenness  of  the  crystal  surface  in  contact  with  the  surface  of  the  cathode  evidently  also  is  a  major  factor. 
There  are  many  fissures  and  recesses  in  the  surfaces  of  salt  crysuls,  as  was  pointed  out  by  Academician  A.  F. 

I  offe  long  ago.  In  the  course  of  electrolysis  of  sheets  of  salts  pressed  between  the  electrodes  the  metal  evolved 
(sometimes  an  alkali,  liquid  metal)  fills  up  the  fissures  and  hollows  at  the  cathode,  which  then  constitute  metallic 
nonunifcnmities  that  penetrate  into  the  interior  of  the  salt,  like  the  colloidal  particles  of  metal  in  the  glass  dis¬ 
cussed  by  us  above.  During  electrolysis,  the  metal  ions  are  discharged  at  these  points,  the  nonuniformity  progress¬ 
ing  from  the  surface  into  the  interior  of  the  crystal,  producing  a  dendrite,  which  reaches  die  anode  as  its  growth 
progresses. 

In  conclusion  I  wish  to  express  my  dianks  to  Prof.  S.  I  ^Sklyarenko  for  his  interest  in  this  research. 

SUMMARY 

1.  It  has  been  shown  that  the  formation  of  dendrites  during  die  electrolysis  of  glasses  is  related  to  the 
presence  of  colloidal  meul  particles  in  the  glasses. 

2.  Considerations  are  set  forth  concerning  the  mechanism  involved  i94he  formation  of  dendrites  during 
the  electrolysis  of  solid  glasses. 
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PHTfSICOCHEMICAL  IN  JIG  A  T  ION  OF  IODINE  SOLUTIONS 


Vm.  THE  SYSTEMS:  OIIODOTETRAMMINEZINC -IODINE  AND  DUODOTETRAMMINECAOMIUM- IODINE 

Ya.  A.  Fialkov  and  F.  D.  Shevchenko 


The  study  of  systems  comivising  halogens  and  halides  with  complex  cations  is  of  interest  in  that  it  makes 
it  possible  to  compare  the  relationships  of  the  halides  of  simple  and  complex  cations  with  the  halogens  and  to 
trace  the  influence  of  such  factors  as  a  change  in  the  nature  and  radius  of  the  cation  due  to  die  fornution  of  a  co* 
ordination  compound,  the  nature  and  number  of  coordinated  groups  added  to  the  central  atom  of  the  cation,  and 
so  forth,  upon  the  formation  of  the  polyhalides  and  upon  theu  properties. 

There  are  not  many  references  in  the  literature  to  this  group  of  problems,  the  information  available  being 
almost  exclusively  preparative,  dealing  widi  the  lueparation  and  the  description  of  some  of  die  properties  of 
polyhalides  of  the  foregoing  type,  such  as  polyiodides  of  ammines  of  various  metals  (Ni.  Co,  Cu,  Zn,  Cd)  [1], 
carbamide tes  of  some  trlvalent  metals  [2].  and  di*and  tri-ethylenediamlne  salu  (iodides)  of  cobalt,  nickel, 
chromium,  copper,  cadmium,  and  sine  [3]. 

As  far  as  physical  chemistry  is  concerned,  it  is  mostly  the  systenu  conuining  ammonium  halides  or 
its  alkyl  (or  aryl)  substitution  derivatives  that  have  been  investigated. 

In  the  light  of  the  foregoing  considerations  we  have  made  an  investigation  of  the  [Ni(NH|)||it  -  iodine  sys¬ 
tem  [4];  though  Ni4  does  not  form  ccmipounds  with  iodine  in  die  absence  of  a  solvent  (water),  thermal  analysis 
indicates  that  dilodohexamminenickel  adds  8  molecules  of  water,  yielding  an  enneapolyiodide  with  the  composi¬ 
tion  of  [Ni(NH|)cXls)i-  This  difference  in  the  ability  of  nickel  iodide  and  of  its  hexammine  to  produce  polyiodides 
must  be  attributed  to  an  increase  in  the  ionic  radius  of  die  cation  caused  by  the  change  horn  Nf*  to  the  complex 
ion  [Ni(NH|)f]**  ion,  resulting  m  an  appreciable  decrease  in  the  counterpolarization  effect  upon  the  polyiodide 
anion. 


Solutions  of  a  polyiodohexamminenickel  in  molten  iodine  are  good  conductors  of  elecalcity:  the  specific 
conductance  rises  rapidly  with  the  [Ni(NH9)i(]l|  concentration,  being  of  the  order  of  0.1  mhqf'cm  when  the  concen¬ 
tration  of  the  latter  is  3  moL  it.  Cryoscopic  investigations  indicate  that  the  molecules  of  diiodohexamminenickel 
and  of  a  polyiodohexamminenickel  are  associated. 

These  findings  led  us  to  continue  with  investigations  of  this  sort,  using  diiodotetramminezinc  and  diiodo- 
tetrammlnecadmium.  In  undertaking  this  research,  we  had  to  bear  in  mind  that  the  halides  of  ammines  of  zinc 
and  cadmium  ate  generally  leu  thermally  stable  compounds  than  the  conesponding  ammines  of  nickel.  That  was 
why  we  could  not  use  diiodohexamminezinc  or  diiodohexammineradmium  in  this  research.  The  dissociation 
temperature  of  [N1(N1^)|]I|  at  p  «  1  atm  is  235.5*,  whereas  the  correaponding  figures  for  the  diiodohexammines 
of  zinc  and  cadmium  are  65*  and  107*,  respectively,  which  made  it  impossible  to  study  their  solutions  in  molten 
iodine  (m.p.  113*).  The  diiodotetrammines  of  zinc  and  cadmium  are  mote  stable.  Thus,  the  dissociation  tem¬ 
perature  of  Zn(NH|)i4l|  is  199*  p]. 

As  was  the  case  with  Nilg,  it  has  not  been  shown  that  Iln^  and  Cdiy  can  add  iodine  by  direct  interaction 
between  them  without  the  presence  of  a  solvent.  The  formation  of  polyiodides  of  these  metals  has  been  d>- 
served  only  in  aqueous  solutions,  though  the  composition  of  these  coordination  compounds  is  still  inadequately 
known. 

The  polyiodides  of  the  tetrammines  of  zinc  and  cadmium  —  substances  that  are  apparently  mote  stable 
than  the  addition  products  of  iodine  to  Zn^  and  Cdlg  —were  secured  by  Ephraim  and  Mosinuim  [1]  by  reacting 
ZnSQ4  or  CdSQ^  dissolved  in  aqueous  ammonia  with  an  aqueous  solution  of  iodine  and  potassium  iodide.  The 

Metallic  Ni,  Z,  and  Cd  do  not  dissolve  in  molten  iodine  [6]. 
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following  products  were  secured:  1)  lZn(NH|)4]^  •  21}.  —  lustrous  minute  violet-dark -red  crystals  of  lamellar  shape; 
and  2)  [Cd(MH3)3H20]Ij.  •  2I2  dark-green  (or  greenish-black). 

EXPERIMENTAL 

The  iodine  was  purified  as  described  in  previous  reports.  The  specific  conductance  of  molten  iodine  at 
130*  was  1.8-2.0-10'®  mho/cm;  m.p.  113.4®. 

Diiodoteiramminezinc  was  prepared  as  follows:  a  practically  saturated  aqueous  solution  of  zinc  iodide 
(pure,  for  analysis)  was  prepared  and  then  added  to  an  excess  of  a  20^  ammonia  solution.  The  finely  crystalline 
precipitate  was  tecrystalirzed  f.om  the  ammonia  solution  by  the  use  of  heat,  after  which  the  crystals  were  filtered 
out  of  the  mother  liquor  and  washed  with,  alcohol  and  then  with  a  mixture  of  equal  volumes  of  alcohol  and  ether, 
and  finally  dried  in  a  desiccator  over  solid  potassium  hydroxide. 

Found  Zn  16.99,  16.84;  I  65.35,  65.48;  NH,  17.50,  17.65.  [Zn(NH8)4llg. 

Calculated  Zn  16.88;  I  65.53;  NHj  17.59. 

Diidotetramminecadmium  was  prepared  by  the  “dry  method";  a  weighed  sample  of  cadmium  iodide  (pure, 
for  analysis)  was  placed  in  a  tube  with  a  bulb  at  tb.e  middle,  and  gaseous  ammonia,  wWch  had  been  dried  in  towers 
with  potassium  hydroxide,  was  passed  tfoou^  it.  The  tube  was  water-cooled  externally,  as  the  addition  of  ammonia 
to  Cdljj  involves  the  evolution  of  considerable  heat.  The  mass  within  the  tube  increased  greatly  in  volume.  Am¬ 
monia  was  passed  through  the  mbe  until  the  gain  in  weight  of  the  tube  contents  corresponded  to  the  addition  of 
4  moles  of  NHj  to  1  mole  of  Cdlg.  The  preparation  was  obtained  as  a  finely  crystalline  white  powder  which 
smelled  faintly  of  ammonia. 

Found  Cd  25.81,  25.79;  I  58.52,  58.57;  NHg  15.35,  15.43.  [Cd(NH8)^Ij. 

Calculated  <5fc:  Cd  25.88;  I  58.44;  15.68. 

The  methods  of  measa.nng  the  conductance,  the  crysocopic  determinations,  and  the  like  have  been  des¬ 
cribed  in  the  preceding  report  [4]. 

The  [Zn(NHa)431t  —  Iodine  System 

Thermal  analysis.  This  system  could  be  investigated  only  up  to  27  mol.  %  (36.3^  by  weight)  of  [Zn(NH3)4]Ij, 
the  solubility  limit  of  the  ammine  m  molten  iodine  under  the  given  test  conditions,  by  this  method.  The  results 
of  our  measurements  are  given  in  Table  1  and  Fig.  1. 

We  were  unable  to  fix  the  first  arrest  points 
in  the  concentration  range  of  10  to  17  mol.  % 
[Zn(NHj)^}  the  eutectic  points  were  well-defined. 

Two  eutectics,  with  melting  points  of  56.0- 
56.2"  and  58.1-68.3®,  were  found  in  the  [Zn(NHj)4]^- 
lodine  system  within  the  concentration  range  explored. 
We  see  a  latent  maximum  in  the  fusibil  ity  curve  at 
20-21  mol.  <7o  [Zn(NHg)4]lt,  which  is  evidence  of  the 
formation  of  a  polyiodide  with  an  incongruent  melt¬ 
ing  point  having  the  probable  composition  of 
[ZiKNHjiilVdl*. 

The  results  of  our  measurements  of  conduc¬ 
tance  are  given  in  Table  2  and  Fig.  2. 

The  [Zn(NHj)4]Ig— iodine  system  possesses  high 
conductance,  attaining  values  of  the  order  of  mag¬ 
nitude  of  0.2  mho /cm  when  the  ammine  content 
exceeded  10  mol.  ’’jo. 

')  No  products  any  richer  in  iodine  could  be  obtained,  even  when  a  substantial  excess  of  iodine  was  added. 


Fig.  1.  Fusibility  curve  of  the  diiodotetrammme- 
zinc-iodine  system. 
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TABLE  1 

THERMAL  ANALYSIS  OF  THE  IZn(NHs)4]% -IODINE  SYSTEM 


Molar  ^  of 
[ZiKNHililk 

Arrest  points  1 

I  Molar  <4>  of  1 

Arrest  points 

First 

Second 

First' 

Second 

0.54 

111.  8* 

14.74 

56.2 

1.28 

111.2 

15.93 

- 

56.2 

3.92 

108.8 

16.43 

- 

56.1 

5.03 

107.1 

55.8* 

17.66 

79.8* 

56.0 

5.57 

106.2 

55.9 

18.54 

83.0 

6.49 

103.4 

55.9 

19.65 

90.8  ' 

58.3 

7.57 

98.7 

56.0 

20.12 

93.1 

58.2 

9.62 

88.3 

56.1 

20.84 

93.9 

58.3 

10.29 

- 

56.1 

22.00 

104.6 

58.3 

11.36 

- 

56.1 

24.36 

115.3 

58.1 

11.81 

- 

56.2 

25.40 

119.8 

58.2 

12.74 

- 

56.2 

27.20 

125.2 

58.7 

TABLE  2 

CONDUCTANCE  OF  THE  IZn(NH,)^ -IODINE  SYSTEM 


Molar  percent  of 
tZn(NH,l4l% 

1  Specific  conductance  I 

Dilution  (ml) 

•^dolaiT  conSnctance 

at  .13^ 

130* 

140* 

0 

2.07 ‘lO’* 

1.96- 10  ■* 

0.31 

1.46 ‘10“* 

1.42  - 10“* 

21168 

30.  Lk) 

0.71 

8.28 ‘10“* 

8.22-10'** 

9184 

76.04 

1.17 

1.51*  10** 

- 

5603 

84.61 

2.03 

3.75  *  10‘* 

3.70  - 10“* 

3243 

121.6 

3.32 

7.66-10** 

7.68-10“* 

2038 

156.1 

4.67 

1.15-10“* 

1.20  •  10"* 

1481 

170.3 

7.40 

1.48  - 10“* 

1.51-10“* 

967.5 

143.2 

10.46 

1.85-10“* 

1.87-10“* 

722.5 

133.7 

12.92 

1.88-10“* 

1.96-10“* 

605.5 

113.9 

15.59 

1.86-10’* 

- 

520.0 

96.72 

17.54 

1.87-10“* 

1.91  - 10"* 

472.0 

88.24 

19.37 

1.87-10“* 

- 

436.0 

81.54 

TABLE  3 

SPECIFIC  GRAVITY  OF  THE  [^NH|)4]I|- IODINE  SYSTEM 


Molar  i>er  cent  of 
|Zn(NH,)4]Ig 

di»» 

0 

3.9192 

1.91 

3.9037 

3.57 

3.8600 

4.82 

3.8493 

6.50 

3.8238 

10.56 

3.7276 

14.89 

3.6602 

The  specific  gravities  of  the  solutions  of 
fZn(NHg)4Pi^  in  molten  iodine,  which  wae  re> 
quiied  for  calculating  the  molar  conducunce, 
were  determined  in  a  pyknometer  with  a  grad* 
uated.  neck  [7].  These  measurements  are  given 
in  Table  3. 

The  results  of  our  cryoscopic  determina¬ 
tions  of  the  molecular  weight  of  diiodotetram- 
minezinc  are  given  in  Table  4. 

In  the  [Zn<NH^I%  ''iodine  system  the 
molecular  weight  of  diiodotetramminezinc 
varies  with  concentration  in  the  same  way  as 


it  did  in  the  [Ni(NH|)g]]^  —  iodine  [4]  and  (CH^i4^— iodine  [7]  systems:  At  low  concentratimtt  of  the  anunine  in 
molten  iodine,  its  molecular  weight  is  below  the  value  called  for  by  the  formula,  though  it  rises  to  a  value  of 
438.7  as  the  [Zn(NH|ijTlg  cancentration  is  increased,  and  then  begins  to  fall  i^iiu  The  reason  for  this  phen¬ 
omenon  will  be  considered  when  we  discuss  our  research  results. 
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Fir.  2 

Specific  coiKiacrance  of  the  —  iodine, 

IZn(NH8hJj2 -iodine,  and  [Cd(NHj,)^jj. —iodine 
systems 


Fig.  3.  .  .  . 

Fusibility  curve  of  the  diiodotetramminecadmium“, 
iodine  system. 


TABLE  4 


Cryoscopy  of  the  [Zn(NH2;4]l2- iodine  System. 

Mol  Wt  of  [Zn(NH^),iJl2  ”  387.35,  Weight  of  iodine 
—  34.548  g. 


^ight  of 
[Zn(NHs)4]li, 
sample,  g 

Molar 

percent 

At® 

Molecular 

weight 

0.0507 

>0.096 

0.15 

201.0 

0.1215 

.  0.23 

0.29 

245.0 

0.1610 

0.30 

0.34 

279.6 

0.3464 

0.65 

0.65 

314.7 

0.6836 

1.28 

1.12 

359.8 

0.8018 

1.50 

1.26 

375.8 

1.2706 

2.35 

1.71 

438.7 

1.4910 

2.75 

2.23 

394.5 

1.8642 

3.39 

3.51 

311.9 

The  [Cd(NH3)4]l2  ~  Iodine  System*^**  ' •  * ‘  •' 

See  Table  5  and  Fig.  3  for  the  thermal  analysis. 

The  fusibility  curve  of  the  [Cd(NH3)4]l2 —iodine 
system,  which  was  explored  up  to  a  concentiation  of 
25  mol.  °]o  (32. 4<yo  by  weight),  is  very  similar  to  the 
fusability  curve  of  the  (Zn(NH3)4]l2 -iodine  system; 
here  again  we  find  two  eutectics  with  melting  points 
of  70.2-70.4*  and  74.1-74.6®,  respectively.  Unfortun¬ 
ately,  the  great  difficulties  we  encountered  in  deter¬ 
mining  the  first  arrest  points  at  concentrations  that 
approached  the  composition  of  the  first  eutectic,  and 
the  impossibility  of  fixing  them  accurately,  made  it 
impossible  for  us  to  determine  the  composition  of  this 
eutectic.  The  latent  maximum  on  the  fusibility 
curve  of  the  [Cd(NH3)4]4- iodine  system,  which  is  not 
very  marked,  occurs  at  a  concentration  of  17-18  mo\.°jo 
of  the  ammine.  All  this  leads  us  to  think  that  in  this 


system  (where  n  may  take  on  several  values;  6,  4,  etc.) 
unstable  polyiodides  rCd(NHs)4]l2“(l3)jj  are  formed,  which  are  in  equilibrium  with  the  products  of  step-by-step  dis¬ 
sociation.  The  results  of  our  measurements  of  conductance,  specific  gravity,  and  the  cryoscopy  of  the  [Cd(NH3)4]l2 
—  iodine  system  are  given  in  Tables  6,  7,  and  8  and  Figure  2. 


DISCUSSION  OF  THE  RESEARCH  RESULTS 

Systems  that  consist  of  iodine  and  diiodotetramminezinc  or  diiodotetramminecadmium  have  properties 
that  greatly  resemble  those  of  the  [Ni(NH3)g]l3— iodine  system  we  investigated  previously.  In  all  these  systems 
polyiodides  ate  formed  that  are  rich  in  iodine  but  are  relatively  unstable,  their  stability  decreasing  from  the  nickel 
compounds  to  those  of  zinc  and  cadmium.  The  formation  of  an  enneapolyiodide  has  been  proved  by  the  presence , 
of  a  dystectic,  though  with  a  slight  maximum,  on  the  fusibility  curve  of  the  [Ni(NH3)6]  13- iodine  system,  while  the 
polyiodides  of  the  zinc  and  cadmium  tetrammines  are  substances  with  incongruent  melting  points. 

These  investigations  also  proved  that  the  addition  of  ammonia  to  zinc  and  cadmium. cations,  like  its  add¬ 
ition  to  nickel,  conver*:®  these  cartons  into  complex  ions  and  thus  sets  up  the  conditions  that  promote  the  addition 
of  the  iodine  molecule  to  the  iodine  anions  in  the  outer  sphere,  for  the  reasons  set  forth  in  the  introduction  to  the 
present  paper. 
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TABLE  5 


Thermal  Analysis  of  the  [Cd(NHj)4]I|— Iodine  System 


Molar  ^  of 
[Cd(NH,)^]I, 

Arrest  points 

Molar  <55)  of 

[CdCNH^Jk 

Arrest  points 

First 

Second 

First 

Second 

0.48 

111.2‘ 

- 

15.23 

- 

72.4 

1.03 

110.3 

- 

16.02 

87.8* 

1.94 

108.4 

16.95 

89.3 

74.6 

2.76 

106.9 

17.91 

73.9 

3.61 

105.0 

18.44 

90.6 

74.4 

5.17 

99.7 

68.9* 

19.71 

92.2 

74,1 

7.83 

90.1 

70.2 

20.92 

97.3 

74,4 

9.47 

70.2 

22.30 

101.5 

10.90 

- 

70.3 

23.12 

107.9 

- 

12.26 

- 

70.4 

24.86 

124.6 

- 

14.10 

- 

70.3 

These  systems  are  likewise  very  similai  as  far  as 
their  conductance  is  concerned;  the  specific  conductance 
of  these  systems  rises  rapidly  with  the  ammine  concentra-* 
tion  attaining  values  of  the  order  of  0.01  mho/cm  even  at 


TABLE  6-,  .  ' 


Conductance  of  the  [CdfNHjjij^- Iodine  System 


Molar  <5()  of 

Specific  conductance] 

Dilution 

Molar  con- 

[Cd(NH,)4]lj 

130* 

140* 

(ml) 

ductance 
at  130* 

0.19 

J, 

3.49*10j 

4 

3.26*10_^ 

33836 

11.83 

0.73 

3.16-10_^ 

2,98*10^ 

8995 

28.42 

1.57 

1.36-10^ 

1.32*10^ 

4207 

57.21 

244 

2.25-10^ 

2,14*10^ 

2740 

61.64 

3.20 

4.39*10^ 

4.41*19^ 

2106 

92.47 

4.34 

6.21-lOj 

6.36*10^ 

1578 

98.03 

6.94 

9.26*10 

9.62*10 

1022 

94.66 

9.12 

1.15*10]V 

1.22*10‘* 

802.2 

92.25 

11.17 

I.SI'IO”* 

1.37*10'* 

674.5 

88.36 

13.76 

1.42*10'* 

1.48*10‘* 

570.3 

80.98 

15.80 

1.46*10^ 

1.56*10'* 

512.3 

74.82 

18.48 

1.47*10'^ 

1.67*10'* 

456.8 

67.15 

22.22 

1.45*10'* 

- 

402.2 

58.31 

24.94 

1.46*10'* 

1.55*10'* 

373.4 

54.51 

1.0- 1.5  mol.<|jb  while  the  conductivity  is  about  0.1  mho/cm  at  3. 5-8.0  mol.<^.  As  the  concentration  of  the 
[Me(Ni^)„]  %  is  increased  still  more,  the  specific  conductance  rises  much  more  slowly,  becoming  constant  once  it 
has  reached  values  of  0.15-0.2  mho/cm. 


TABLE  7 

Specific  Gravity  of 
the  [Cd(NH,)4]If- 
lodine  System 


Molar  <5b  of 
[Cd(NH,)^H 

0 

3.9181 

2.76 

3.8870 

5.82 

3.8506 

11.28 

3.7757 

15.51 

3.7069 

25.55 

3.5538 

In  the  series  of  systems  containing  iodoammines  of  nickel,  zinc,  and  cadmium,  the 
conductance  diminishes  from  the  first  of  these  systems  to  the  last,  as  shown  in  Figure  2, 
where  the  conductance  isotherms  of  these  three  systems  have  been  plotted. 

It  should  also  be  noted  that  the  magmtude  of  the  specific  and  molar  conductances 
of  the  systems  we  have  investigated  [Me<NHj)jj]lj-  iodine,  as  well  as  the  shape  of  their 
isotherms,  closely  resemble  those  of  solutions  of  the  iodides  of  the  alkali  metals  and  tetra- 
methylammonium  in  iodine  [8]. 


This  analogy  is  likewise  found  in 
the  change  of  sign  and  magnitude  of  the 
temperature  coefficient  of  conductance 
with  concentration  —  from  a  negative 
value  at  low  concentrations  of  the  iodides 
to  a  positive  value;  the  higher  the  conduc¬ 
tance  of  the  system,  the  lower  the  concen¬ 
tration  at  which  this  change  occurs  as  a  rule. 

A  similarly  characteristic  change  in  the  molecular  weight  of 
the  iodide  (or  of  the  corresponding  polyiodide)  with  concentration  is 
found  in  all  the  diree  [Me(NHj)n]Ij[~  iodine  systems:  the  molecular 
weightscalculated  from  the  cryoscopic  findings  are  first  lower  than 
the  formula  values,  but  rise  with  concentration  to  values  that  exceed 
those  given  by  the  formula,  and  then  begin  to  drop  off. 

When  we  remember<  the  rapid  rise  in  the  conductance  of  these 
systems  even  at  the  low  concentrations  explored  by  the  cryoscopic 
method,  we  must  adopt  the  same  conclusion  regarding  the  nature  of 
the  electrolytes  in  these  systems  that  was  set  forth  in  our  previous 
paper;  the  current-conducting  particles  in  solutions  of  low  concentra¬ 


TABLE  8 

Cryoscopy  of  the  [Cd(NHj)4]  I*— Iodine  Sys¬ 
tem.  Mol. wt.  of  [Cd(NH,)4]%  =434.38. 
Wt.of  iodine  =  41.372  g. 


Weight  of 
[Cd(NH,)4]l, 
sample,  g. 

Molar  <^  of 
[Cd(NH,)4]]* 

At* 

Molec¬ 

ular 

weight 

0.0942 

0.13 

0.25 

190.0 

0.2604 

0.37 

0.53 

242.3 

0.3975 

0.56 

0.73 

267.1 

0.5516 

0.77 

0.95 

286.6 

0.8967 

1.25 

1.33 

331.5 

1.1832 

1.65 

1.54 

378.0 

1.4400 

1.99 

1.70 

416.8 

1.6958 

2.34 

1.84 

443.4 

1.9803 

2.72 

1.97 

496.2 

2.2415 

3.07 

2.58 

428.7 

2.6322 

3.59 

3.64 

357.2 

tion  are  the  products  of  the  electrolytic  dissociation  of  monomer  molecules  of  the  iodides  and  polyiodides.  Then  as 
the  system  concentration  nses,  these  molecules  begin  to  associate,  resulting  in  an  increase  in  the  molecular  weight, 
notwithstanding  the  large  value  of  conductance  (of  the  order  of  0.01  mho/cm). 
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Subsequentiy,  the  increase  in  the  degree  of  association  of  the  molecules  of  the  polyiodides  (and  of  the  iod¬ 
ides)  slows  down  and  begins  to  lag  behind  the  process  of  electrolytic  dissociation,  resulting  in  a  renewed  drop  in  the 
value  of  the  molecular  weight. 

SUMMARY 

1.  It  has  been  ^own  that  polyiodides  of  the  composition  [Me(NH3)4]l2  •  (Ijljj  (  n  =  4  or  6)  are  formed  in  the 
[Zn(NH3)4]^-  iodine  and  [Cd(NH3)4]l2~  iodine  systems. 

2.  The  electrolytic  properties  of  these  systems  are  due  to  the  electrolytic  dissociation  of  the  monomer  and 
associated  molecules  of  the  polyiodides. 

3.  The  great  similarity  between  the  properties  of  the  systems  investigated  here  and  those  of  the  [Ni(NH3)4]l3 
-  iodine  system  is  shown,  as  well  as  with  the  iodine  solutions  of  iodides  of  the  alkali  metals  and  alkyl  substitution 
derivatives  of  ammonium. 

4.  The  i'esearch  results  and  a  comparison  of  the  lodoammines  of  nickel,  zinc,  and  cadmium  with,  the  simple 
iodides  of  these  same  metals  as  they  react  with  iodine  support  the  initial  postulate  of  this  paper  regarding  the  effect 
of  the  change  of  a  simple  cation  into  a  complex  one  upon  the  ability  of  the  iodine  ions  in  the  outer  sphere  to 
coordinate  iodine  molecules,  producing  polyiodides 
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RESEARCH  ON  THE  COLORED 

COORDINATION  COMPOUNDS  OF  VANADIUM  AND  HYDROGEN  PEROXIDE 

A. K. Babko  and  A. I. Volkova 


In  our  preceding  report  [1]  on  the  coordination  compounds  of  titanium  and  hydrogen  peroxide  we  discussed 
the  basic  problems  mvolved  in  determining  the  composition  and  properties  of  coordination  compounds  containing 
hydrogen  peroxide.  The  present  report  sets  forth  the  results  of  a  study  of  the  coordination  compounds  of  vanadium 
and  hydrogen  peroxide.  The  principal  objective  of  our  research  was  a  determination  of  the  composition  and  stabil¬ 
ity  of  the  coordination  compounds  in  solution  under  various  conditions.  Our  attention  was  chiefly  focussed  on  the 
coordination  compound  formed  in  an  acid  medium.  This  compound  is  more  highly  colored;  one  of  the  colorimet¬ 
ric  methods  for  the  determination  of  vanadium  is  based  upon  the  formation  of  this  compound. 

'■  * 

The  Effect  of  the  Hydrogen-Ion  Concentration  Upon  the  Optical  Density  of 
Solutions  of  Coordination  Compounds  of  Vanadium  and  Hydrogen  Peroxide 

We  prepared  a  series  of  solutions  for  these  measurements  in  which  the  concentrations  of  vanadium  and  of 
hydrogen  peroxide  were  held  constant  at  S'lD**  moles  per  liter  for  each  of  the  components.  The  hydrogen-ion  con¬ 
centration  was  varied  by  adding  varying  quantities  of  hydrochloric  acid,  an  acetate^ammonia  buffer  solution  being 
added  for  values  of  pH  >  4.  The  optical  density  was  measured  with  a  FM  (Pulfrich  type)  photometer,  using  a  No.  7 
light  filter,  which  has  a  transmission  maximum  at  465  mu.  Preliminary  tests  indicated  that  it  is  in  that  region 
that  vanadium  coordination  compounds  with  hydrogen  peroxide  exhibit  the  strongest  absorption  of  light.  Because  of 
the  great  difference  between  the  color  of  the  solutions  in  acid  and  alkali  media,  tlie  various  samples  were  measured 
at  several  different  concentrations  and  thicknesses  of  the  layer.  This  was  done  in  order  to  work,  if  possible,  in  some 
mean  range  of  optical  density,  thus  reducing  the  measurement  enors.  The  molar  extinction  coefficient  ( e  )  was 
calculated  from  the  experimental  data  for  convenience  in  comparing  the  results,  which  are  listed  in  Table  1. 


TABLE  1 


■ 

ISI 

icr‘* 

KT* 

l(f* 

ItT 

lO"* 

lO"* 

KT* 

10'» 

m 

m 

B 

3 

2 

^i 

38 

40 

43 

43 

52 

144 

162 

162 

162 

212 

320 

1 

|345 

351 

351 

351 

3 

21 

21 

21 

21 

21 

75 

162 

162 

162 

14 

0 

!  0 

0 

1 

0 

0 

4 

17 

19 

22 

22 

31 

69 

0 

0 

0 

188 

320 

1345 

351 

351 

351 

Direct  measurements  of  the  optical  density  could  not  be  utilized  in  evaluating  our  results,  since  a  solution 
of  ammonium  metavanadate  likewise  changes  color  with  its  pH.  That  is  why  the  optical  density  of  solutions  of  am¬ 
monium  meuvanadate,  containing  the  same  buffer  solutions,  but  without  any  hydrogen  peroxide,  was  measured  in  a 
separate  series  of  tests. 

Table  1  gives  the  data  for  the  tests  we  ran.  Line  1  gives  the  hydrogen-ion  concentration;  Line  2  the  molar 
extinction  coefficient  (  ^  x )  of  a  solution  containing  the  meta vanadate  and  hydrogen  peroxide;  Line  3  the  molar 
extinction  coefficient  of  a  solution  of  the  metavanadate;  and  Line  4  gives  the  difference  between  the  values  of  the 
molar  extinction  coefficients  of  the  solutions  of  the  hydrogen  peroxide  coordination  compound  and  of  the  meuvan¬ 
adate  solutions. 

The  following  fundamental  conclusions  may  be  deduced  horn  the  results  cited  in  Table  1.  Vaiudium  forms 
a  compound  with  hydrogen  peroxide  in  an  alkaline  medium.  The  color  of  this  compound  is  rather  weak,  being  only 
twice  as  strong  as  that  of  ammonium  metavanadate  proper. 
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In  the  pH  raiige  from  7  to  5  the  optical  density  rises  sharply  in  both  series,  i.e.,  with  and  without  hydrogen 
peroxide  present.  This  change  must  be  ascribed  principally  to  changes  in  state  of  the  metavanadate  itself  as  the  pH 
changes. 

As  the  acidity  continues  to  rise,  the  optical  density  of  solutions  that  contain  hydrogen  peroxide  and  ammon¬ 
ium  metavanadate  rises  sharply  until  it  reaches  a  constant  value. 


This  sequence  of  changes  obviously  indicates  that  at  least 
two  different  coordination  compounds  are  formed  in  the  V— HjOj 
system  (in  solution.) 

The  colored  compound  produced  in  acid  solutions  is  of 
the  greatest  interest  for  colorimetric  determinations.  Of  all  the 
properties  of  this  compound,  what  is  most  striking  is  its  stability 
in  strongly  acid  solutions.  The  color  i$  not  weakened  even  in  a 
6  N  acid. 

The  composition  of  the  colored  complex  ion  of  vanadium 
and  hydrogen  peroxide  formed  in  an  acid  medium  is  usually  [2,3] 
represented  by  the  following  formula: 


(1)  (2) 


Thus,  it  is  usually  supposed  that  it  is  the  hydrogen  perox¬ 
ide  anion  that  is  the  coordinated  ion  in  the  colored  complex  ion. 
In  this  case,  the  color  ought  to  grow  fainter  as  the  hydrogen-ion 
concentration  is  ir^reased,  since  the  coordinated  Oj'  ion  must  be 
linked  to  the  hydrogen  ions  in  the  molecule  of  the  weak  acid 


The  following  conclusion  must  be  deduced  by  analogy 
with  the  fuller  discussion  of  this  question  in  connection  with  the 
peroxide  complex  ion  of  titanium  [1]. 

The  fact  that  the  optical  density  of  the  solution  is  not 
lowered  at  high  [H^]  values  may  be  attributed  either  to  the  ex¬ 
tremely  high  stability  of  a  complex  ion  of  Type  (l)or  Type  (2), 
i.e.,  its  extremely  low  dissociation  constant,  or  else  to  the  fact 
that  the  coordinated  group  in  the  complex  ion  is  not  the  Os~  ion, 
but  the  hydrogen  peroxide  molecule.  In  the  latter  case,  i.e., 
when  addition  products  are  formed,  the  equilibrium  should  not 
change  as  the  acidity  is  raised. 

Composition  of  the  Complex  Ion  Formed  In 
an  Alkaline  Medium 


The  intensity  of  the  color  of  the  complex  ion  formed  in 
an  alkaline  medium  is  not  very  high,  whereas  the  VOj"  is 

rather  highly  colored  uixler  these  conditioiu.  This  circumstance  makes  it  hard  to  determine  the  composition  of  the 
complex  ion.  In  conformity  with  the  general  principle  underlying  the  physicochemical  analysis  of  solutions  for  de¬ 
termining  the  composition  of  a  compound,  the  properties  of  a  series  of  mixtures  must  be  investigated,  consisting  of 
various  proportions  of  equimolar  solutions  of  the  reagents. 


The  optical  density  of  the  solutions  in  one  of  these  series,  at  pH  =  8,  is  shown  by  Curve  1  in  Figure  1.  The 
ratios  of  volumes  of  0.04  molar  solutions  of  ammonium  vanadate  and  of  hydrogen  peroxide  are  plotted  along  the 
axis  of  abscissas.  If  the  reaction  components  are  colorless,  with  nothing  but  the  reaction  product  colored,  the  curve 
of  the  optical  density  of  the  series  of  solutions  exhibits  a  maximum  at  a  ratio  that  corresponds  to  the  composition  of 
the  colored  compound.  The  curve  does  not  exhibit  a  maximum  in  the  given  case,  however,  since  one  of  the  com¬ 
ponents  (the  metavanadate)  is  distinctly  colored.  That  is.  conclusions  concerning  the  composition  of  the  compound 
formed  must  be  based  solely  upon  an  analysis  of  the  course  of  the  "differences,"  i.e.,  the  magnitude  of  the  depar¬ 
tures  from  additivity. 
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Curve  ?.  In  Figure  1  represents  the  optical  density  of  a 
series  of  solutions  th?  v  contain  as  much  of  the  metavanadate  as 
the  first  series,  but  cimtaining  no  hydrogen  peroxide.  The  solu¬ 
tion  of  hydrogen  peroxide  was  replaced  by  a  corresponding 
quantity  of  water.  The  difference  between  the  optical  density 
of  the  soiutioiis  of  the  fust  series  and  that  of  the  solutions  of  the 
second  series  is  given  by  Curve  3.  Curve  3  displays  a  maximum 
at  a  volumetric  ratio  of  VtHjO,  =  1:2. 

Thus  a  colored  compound  is  produced  in  an  alkaline 
medium  whenl  gram  ion  of  the  metavanadate  reacts  with  2 
moles  of  hydrogen  peroxide.  In  view  of  the  faintness  of  the 
color  of  this  compound  it  is  of  no  importance  for  the  coliiriraet- 
riedetermination  of  vanadium,  so  that  we  made  no  further  in¬ 
vestigation  of  its  properties. 

Physicochemical  Analysis  of  the  Metavan- 
ad  ate— Hydrogen  Peroxide  System  in  Acid  Solutions 

The  complex  ion  of  vanadium  and  hydrogen  peroxide  produced  in  an  acid  medium  is  highly  colored,  so  that 
it  is  of  value  in  the  colorimetric  determination  of  vanadium.  That  is  why  we  have  made  a  fuller  study  of  the  compo¬ 
sition  and  properties  of  this  complex  ion.  The  composition  of  the  system  may  be  represented  in  the  form  of  a  ter¬ 
nary  diagram  (Figure  2),  where  V  denotes  the  vanadium  ion  or,  generally  speaking  the  ion  of  pentavalent  vanadium 
in  the  state  in  which  it  exists  in  strongly  acid  solutions;  H|Oj  denotes  hydrogen  peroxide;  and  S  denotes  the  solvent 
(a  1  N  aqueous  solution  of  hydrochloric  acid).  The  principal  types  of  sections  of  this  system  are  represented  by  the 
lines  1,  2,  and  3  in  the  triangle.  Its  optical  density  at  465  mp  was  investigated  as  a  property  of  the  system, 
measurements  being  made  with  a  photometer. 

Section  1.  We  prepared  equimolar  solutions  (3‘10‘®)of  the  metavanadate  and  of  the  hydrogen  peroxide. 
These  solutions  were  mixed  together  in  various  proportions  so  as  to  keep  their  aggregate  volumes  coiutant.  The 
acidity  of  all  the  solutions  was  identical,  being  1  N  (in  terms  of  hydrochloric  acid). 

The  results  of  our  measurements  of  the  optical  density  of  this  series  of  solutions  are  given  in  Figure  3.  Our 
findings  indicate  that  a  peroxide  compound  of  vanadium  is  formed  when  1  gram  ion  of  vanadium  reacts  with  1  mole 
of  hydrogen  peroxide.  The  shape  of  the  curve  is  evidence  of  some  dissociation  of  the  colored  complex  ion. 

Section  2.  The  hydrogen  peroxide  concentration  was  varied  from  0.6*10"*  up  to  and  including  2’10'*  in 
a  series  of  solutions  whose  concentration  of  the  vanadate  was  kept  constant  at  2*  10**.  The  solution  acidity  was  the 
same  in  all  the  tests:  1  N  (in  terms  of  hydrochloric  acid). 

The  results  of  our  measurements  of  optical  density  are  given  in  Figure  4,  The  curve  exhibits  a  single  bend, 
at  the  ratio  V:HjOx  =  1:1. 
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The  color  becomes  constant  at  a  certain  excess  of  hydrogen  peroxide,  undergoing  no  change  as  the  excess  of 
hydrogen  peroxide  is  increased  still  further  (up  to  a  concentration  of  2*  10"*  moles  of  the  latter).  Thus,  there  is  no 
reason  to  suppose  that  any  other  coordination  compound  is  produced  in  the  presence  of  an  excess  of  hydrogen  peroxide. 

Section  3 .  The  metavanadate  concentration  was  varied  from  0.6'10“*  to  2'10'*  in  a  series  of  solutions 
whose  concennatton  of  hydrogen  peroxide  was  kept  constant  at  2'10”*  .  The  results  of  our  optical  density  measure¬ 
ments  are  given  in  Figa^'e  5. 

This  test  series  confirms  the  results  secured  previously  in  our  investigation  of  the  first  and  second  series  of 
solutions;  hydrogen  peroxide  and  vanadium  form  bnly  a  single  compound  in  an  acid  medium,  its  composition  cor¬ 
responding  to  VrHjOj  =  1:1. 

The  shape  of  the  curves  (Figures  3.  4,  and  5)  is  evidence  of  a  slight,  though  perceptible  dissociation  of  the 
colored  complex  ion.  Tnis  dissociation  is  also  borne  out  by  a  study  of  the  change  in  color  as  the  solution  is  diluted. 
We  know  that  solutions  of  stable  colored  complex  ions  obey  Beer’s  law.  Moreover,  when  we  dilute  a  solution  of  a 
peroxide  complex  ion  of  vanadium  in  an  acid  medium  two  times,  four  times,  and  so  forth  (without  changing  their 
acidity)  and  increase  the  iaye:;  ifackness  accordii^ly  two  times,  four  times,  and  so  on,  we  find  that  the  optical  dens¬ 
ity  diminishes.  Analogous  chaiaci eristics  of  the  complex  ion  of  titanium  with  hydrogen  peroxide  were  discussed  at 
length  in  the  previous  paper  [1]. 

When  we  compare  the  data  on  the  dissociation  of  the  peroxide  coordination  compound  of  vanadium  with  the 
data  cited  above  on  the  stability  of  the  comp.lex  ion  toward  acids,  we  can  reach  a  conclusion  as  to  the  compo¬ 
sition  of  the  coordinated  group.  The  colored  coordination  compound  of  vanadium  and  hydrogen  peroxide  produced 
in  an  acid  medium  is  the  jxoduct  of  the  addition  of  a  hydrogen  peroxide  molecule  [VOx(HjOj)f®'**\  If  the  colored 

coordination  compound  contained  a  group  of  type  this  compound  would  be  unstable  in  acids  (bearing  in  mind 

its  appreciable  dissociation  in  dilute  solutioas).  Hence,  the  colored  coordination  compound  of  vanadium  and  hydro¬ 
gen  peroxide  that  is  fo.rmed  ui  an  acid  medium  is  completely  analogous  to  the  corresponding  titanium  compound  as 
far  as  its  com  posit,  on  and  the  nature  of  its  bonds  are  concerned. 

A  change  in  the  acidity  of  the  solution  changes  the  charge  on  the  ion  of  vanadium  in  the  solution.  In 
strongly  acid  solutions,  for  example,  the  vanadium  moves  to  the  cathode,  while  in  slightly  acid  solutions  it  moves  to 
the  anode.  The  presence  of  hyd.(Ogen  peroxide  has  no  effect  upon  the  direction  in  which  the  vanadium  ions  move 
during  electrolysis.  Moreover,  if  the  coordination  sphere  contained  an  Oj~  ion  instead  of  the  neutral  molecule  of 
hydrogen  peroxide,  we  should  expect  a  change  in  the  charge  when  the  coordination  compound  was  formed.  These 
findmgs  thus  corroborate  the  foregoing  conclusion  on  the  composition  of  the  coordination  group. 

Dissociation  Constant  of  the  Colored  Coordination  Compound 
of  Vanadium  (in  an  Acid  Medium) 

The  dissociation  constant  of  the  coordination  compound  of  vanadium  with  hydrogen  peroxide  was  calculated 
as  described  previously  tor  tne  peroxide  compound  of  titanium  [1].  The  optical  density  of  a  series  of  solutions  con¬ 
taining  various  concentrations  of  the  metavanadate  and  hydrogen  peroxide  was  measured.  The  concentration  of  the 
colored  cocxdination  compound  was  determined  from  a  calibration  curve  plotted  from  measurements  of  the  optical 
density  of  standard  solutions  that  contained  an  excess  of  hydrogen  peroxide.  The  concentration  of  the  vanadium  not 
combined  into  the  coordination  compound  and  of  the  free  hydrogen  peroxide  was  calculated  from  the  difference  be¬ 
tween  the  initial  concentiations  of  the  vanadium  ion  (or  the  HjOj,  respectively)  and  the  concentration  of  the  colored 
coordination  compound.  The  dissociation  constant  of  the  coordination  compound  (the  instability  constant)  was  calc¬ 
ulated  from  the  following  equation: 

_  [VO^'*'][H,0,] 

■  [(VOHjO,)*^]  • 

The  results  of  om  test.s  and  the  calculation  of  the  dissociation  constant  ate  given  in  Table  2. 

The  mean  value  is  K  =  3*  10*®.  When  we  compare  this  value  with  the  dissociation  constant  of  the  analogous 
compound  of  titanium,  we  find  that  the  peroxide  coordination  compound  of  vanadium  is  approximately  three  times 
as  stable  as  the  titanium  coordination  compound.  This  makes  it  possible  to  compare  these  two  coordination  com¬ 
pounds  directly,  that  is,  to  establish  the  nature  and  the  order  of  magnitude  of  the  equilibrium  constant  experimen¬ 
tally  in  a  system  consisting  of  uranium  and  vanadium  salts  and  hydrogen  peroxide.  This  investigation  is  of  interest 
because  not  much  is  known  about  the  i»opeities  of  solutions  of  titanium  and  vanadium  salts  or  about  the  composition 
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TABLE  2 


No. 

Concentration,  moles/liter 

log  I, /I 
at  \= 

465  m 

Concentration,  moles/liter 

Dissoc¬ 

iation 

constant 

Metavanadate 

Hydrogen 

peroxide 

Vanadium 

peroxide 

Uncombined 

vanadium 

Free  hydro¬ 
gen  peroxide 

1 

2-  I'/'* 

2- 10‘* 

0.24 

1.4 -lO"* 

0.6-10”* 

0.6-10"* 

2.2-10"® 

2 

2-10** 

3-10"* 

0.26 

1.6- 10** 

0.4-10"* 

1.4-10"* 

3.5-10"® 

3 

5-  lO'* 

5- lO"* 

0.57 

4.0-10'* 

I.O-IO"* 

1.0-10"* 

2.5-10"® 

4 

5-10"* 

8 • 10"* 

0.66 

4.5  •  10‘* 

0.4-10"* 

3.4-10"* 

2.4-10"® 

5 

8  •  lO"'* 

8 • lO'* 

0.90 

6.6-10”* 

1.4-10"* 

1.4-10'* 

2.9-10"® 

6 

8  •  10“* 

iio-io'* 

0.97 

7.2-10“* 

2.8-10'* 

0.8-10”* 

3.1-10”® 

of  the  respective  ions  in 
solution.  Vanadium  may 
be  present  either  as  a 
vanadyl  cation— VO"*^ 
or  VOj"^— or  as  a  sulfate 
complex  ion  in  a  solution 
that  contains  sulfuric  acid. 
Several  different  forms  are 
likewise  possible  for  titan¬ 
ium.  More  particularly, 
it  was  shown  in  oui  previous 
paper  that  titanium  moves 

toward  the  anode  when  suongly  hydrochloric  solutions  are  electrolyzed,  i.e.,  either  the  TiCl^  or  the  TiCl^  ion  is 
formed.  Thus,  the  coordination  sphere  of  peroxide  coordination  compounds  of  titantium  always  contain  this  or  the 
other  ion  ot  group  in  addition  to  the  hydrogen  peroxide  molecule.  All  that  our  experimental  findings  prove  is  that 
the  hydrogen  peroxide  is  added  as  a  H;|0^  molecule  to  titanium  or  vanadium.  Neither  the  charge  nor  the  overall  sure 
of  the  titanium  and  vanadium  ions  is  affected  nor  are  hydrogen  ions  displaced  from  the  hydrogen  peroxide,  i.e.,  no 
bonds  of  the  Mec^  Produced  in  a  solution  in  IM  sulfuric  acid. 

What  IS  most  likely  is  the  formation  of  the  complex  ions  [TiOHjO^]*'*’  and  [VOHjOj]*^. 
More  complicated  ions  may  also  exist  in  the  solution,  however;  it  may  be  assumed,  mote 
especially,  that  vanadium  polymers  are  present.  In  the  light  of  this  we  were  interested  in 
making  a  direct  study  of  the  equilibrium  between  the  two  colored  coordination  compounds. 

If  we  take  the  above-mentioned  simplest  forms  in  which  the  respective  ions  can  exist  in  solution,  the  equil¬ 
ibrium  may  be  represented  as  follows: 


TiO"^  +  [VOHgQ^]*^  VO^  +  [TiOHaOjf* 

_  [(TiOH2Q.)^-»][VO»^] 
equib  “  [TiO++  ][(VOHjjOg)^]  * 

The  dissociation  constants  of  the  respective  complex  ions  are: 

K  [TlO«^][H,y  .  0.9.10-4, 

(TiOHgOg)*^  [(TiOHjO,)*^] 


(3) 

(4) 


(5) 


K  =  =0.3-10"4,  (6) 

Comparing  (5)  and  (6)  with  (4),  we  can  calculate: 

-KvOH,0,  -  0-3 g 
■  [  Ti0*4]  [i^OjlKVOHgOj)*^]  K^iOHjOij  0.9 -lO’-* 

The  difference  between  the  absorption  spectra  of  colored  peroxide  coordination  compounds  of  titanium  and 
vanadium  may  be  conveniently  employed  for  an  experimental  study  of  the  equilibrium  (3).  The  difference  be¬ 
tween  these  absorption  spectra  is  the  basis'  of  ..  the  method  described  in  the  literature  [4]  for  determining 
titanium  and  vanadium  when  they  are  present  together. 


Figure  6  shows  the  absorption  spectra  of  the  peroxide  coordination  compounds  of  titanium  and  vanadium. 
An  FM  photometer  of  the  Pulfrich  type,  with  a  set  of  light  filters,  was  employed  in  these  measurements. 

Curve  1  is  the  absorption  spectrum  of  a  solution  of  the  peroxide  coordination  compound  of  titanium,  while 
Curve  2  is  that  of  the  vanadium  coordination  compound.  We  see  from  these  curves  that  measuring  the  absorption 
at  619  m  p  enables  us  to  determine  the  concentration  of  the  vanadium  coordination  compound,  inasmuch  as  the 
titanium  coordination  compound  that  fr  present  absorbs  practically  no  light  in  this  region  of  the  spectrum.  The 
concentration  of  the  colored  coordination  compound  of  titanium  may  be  determined  from  the  difference  between 
the  aggregate  absoiption  of  the  titanium  and  vanadium  coordination  compounds  with  the  466  m  p  light  filter  and 
the  absorption  of  the  vanadium  coordination  compound  with  the  619  mp  light  filter. 
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TABLE  3 


IConcentration  in  the  mixture,  moles 
i  per  liter  x  10'* 

Log 

4/1 

at\= 
§19  mp 

Equilibrium  concentration,  moles  per  liter  x  lO"* 

NO. 

Ammonium  {  Tiranium 
meta  vanad  ate  1  tef  achloride 

Hydroger 

peroxide 

Vanadium 

peroxide 

Titanium 

peroxide 

Uncombined 

vanadium 

Uncombined 

titanium 

Equilibrium 

K 

1 

3 

3 

3 

0.35 

2 

0.7 

1 

2.3 

0.15 

2 

3 

6 

3 

0.30 

1.7 

1.0 

1.3 

5 

0.15 

3 

3 

12 

3 

0.23 

1.2 

1.5 

1.8 

10.5 

0.20 

4 

3 

18 

3 

0.19 

0.9 

1.8 

2.1 

16.2 

0.25 

5 

5 

5 

5 

0.54 

3.5 

1 

1.5 

4 

0.12 

6 

5 

10 

5 

0.44 

2.7 

1.8 

2.3 

8.2 

0.18 

7 

5 

10 

5 

0.18 

0.8 

3.7 

4.2 

98.0 

0.20 

It  is  apparent  that  both  complex  ions  (the  titanium  and  the  vanadium  one)  will  be  combined  into  the 
colored  coordmadon  compound  when  hydrogen  peroxide  is  present  in  excess.  For  that  reason^  only  systems 
containing  an  insifficient  quantity  of  hydrogen  peroxide  and  a  certain  excess  of  titanium  and  vanadium  are  of 
use  in  exploring  the  equilibrium  (1). 

The  corresponding  experimental  conditions  and  the  results 
of  om:  computation  of  the  concentrations  of  the  several  conponents 
of  the  equilibrium  mcxture  and  of  the  equilibrium  constant  are 
listed  in  Table  3. 

As  was  pointed  out  above,  the  concentrations  of  the  col¬ 
ored  coordination  compounds  were  calculated  from  the  optical 
density  measurements.  The  concentrations  of  the  titanium  and 
vanadium  ions  that  are  not  combined  mto  a  coordination  com¬ 
pound  were  calciiiated  from  the  difference  between  the  total 
concentration  of  titanium  tetrachloride  (or  of  the  metavandate) 
and  the  concentration  of  the  peroxide  compound  of  titanium 
(or  of  vanadium). 

All  measurements  were  made  in  solutions  containing  1  mole 
of  HCl  per  liter. 

The  cited  data  enable  us  to  take  Kgquiv  =  0*2  as  its  mean 

value. 

This  value  agrees  satisfactorily  with  the  value  of  Kequii.  =  0.3,  calculated  above  from  the  separate  values 
of  the  dissociation  constants  of  the  coordination  compounds. 

Thus,  our  expe.lmentai  investigation  of  the  equilibrum  (3)  confirms  the  values  of  the  dissociation  constants 
we  have  found.  On  the  other  hand,  these  figures  Indicate  that,  despite  the  comparative  complexity  of  the  overall 
composition  of  the  titanium  and  vanadium  ions  in  solution,  the  values  of  the  constants  of  their  peroxide  complex 
ions  that  we  have  found  may  be  used  to  calculate  the  equilibria  in  the  given  system. 

SUMMARY 

1.  Investigation  of  £b.e  optical  properties  of  the  solutions  by  the  method  of  physicochemical  analysis  has 
indicated  that  vanadium  forms  two  colored  compounds  with  hydrogen  peroxide.  A  deeply  colored  compound  is 
formed  in  a  strongly  acid  mediujm  ([H^  from  0.6  to  6N),  the  composition  of  which  corresponds  to  a 

ratio  of  1:1. 

2.  In  an  alkaline  medium  (pH  =  1  and  higher)  a  faintly  colored  peroxide  compound  is  produced,  the  compo¬ 
sition  of  which  corresponds  to  a  VsHfCV  ratio  of  1:2. 

3.  Comparison  of  the  perceptible  dissociation  of  the  vanadium  coordination  compound  produced  in  the 

acid  medium  widr  its  high  resisrance  to  acids  indicates  that  the  colored  coordination  compound  of  vanadium 
and  hydrogen  peroxide  formed  in  an  acid  medium  contains  no  bonds  of  the  Me'^L  ^  hydrogen 

peroxide  addition  product  iy0x(1^0^)]^~*^^ 
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,  4.  The  dissociation  constant  has  been  calculated  for  the  peroxide  coordination  compound  of  vanadium  formed 

in  a  strongly  acid  medium,  K  =  3  *  10*^. 

5.  The  stability  of  the  peroxide  coordination  compounds  of  titanium  and  vanadium  has  been  compared.  The 
results  corroborate  the  characteristics  cited  earlier. 
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THE  PHYSICOCHEMICAL  CONSTANTS  OF  1.2-CHLOROFLUORETHANE 


A.  I.  shatenshtein  and  Ya.  M.  Varshavsky 


The  synthesis  of  1,2  ■chiorofi.uorethane  has  been  described  by  Razuraovsky  and  Fridenberg  [1].  The  present  re¬ 
search  has  had  as  its  objective  the  determination  of  several  physicochemical  constants  of  chlorofluorethane;  den^ty, 
viscosity,  surface  tension,  and  vapor  pressure  at  various  temperatures.  From  these  findings  we  have  calculated  the 
specific  volume,  the  temperature  coefficient  of  expansion,  capillary  constant,  molecular  surface  energy,  parach(», 
critical  voluiPe,  critical  temperatare,  and  critical  pressure  of  chlorofluorethane  and  found  that  the  laner  is  an  unas¬ 
sociated  liquid.  The  atomic  volume  of  fluorine  has  been  computed. 

The  initial  substance  was  purified  by  fracuonal  distillation  into  a  column  with  partial  condensation  [2].  The 
column,  90  cm  high,  was  filled  with  one  and  two-turn  spuals  made  of  glass  thread.  A  fraction  with  a  boiling  point 
of  61.6-61.9"  (735  mm)  was  collected  in  the  first  distillation.  In  the  second  distillation,  the  overwhelming  bulk  of 
the  subsunce  had  a  b.p.  of  51.8“  (732  mm).  This  faction  was  redistilled  once  more.  The  resulting  preparation  was 
analyzed  by  the  Chablay  method  [3].  A  sealed  ampoule  contaming  A  weighed  quantity  of  chlorofluorethane  was 
broken  inside  a  test  tube  contaimng  liquid  ammonia.  Metallic  sodium  was  added  to  the  solution  until  it  turned 
blue.  The  excess  sodium  was  removed,  and  ammonium  nitrate  was  added  in  small  batches.  Then  the  ammonia 
was  evaporated,  care  being  taken  to  perevent  spaaering.  The  residue  was  dissolved  in  water,  the  chlorine  being 
determined  by  the  Volhard  method. 


Found  Ifct  Cl  23.18,  23.33.  CfE^Cl.  Calculated  <^1  Cl  23.26. 

The  resultant  product  was  used  in  our  i^ysicochemical  measurements.  The  accuracy  of  all  our  measurements 
was  first  checked  by  determining  the  constants  of  thoroughly  purified  benzenet  these  constants  were  in  agreement 
with  the  best  figures  m  the  literature,  within  the  limits  of  possible  experimental  error. 


Density,  specific  volume,  and  coefficient  of  expansion.  The  density  of  chlorofluorethane  was  determined  in 
the  10-30*  range  in  two  parallel  pyknometers,  of  8.5  and  2.0  cc  capacity,  respectively,  with  graduations  etched  on 
their  necks.  The  precision  of  thermostat  control  in  this  and  subsequent  measurements  was  +0.03*.  The  precision 
of  the  density  measurements  was  a^roximately  0.05<^. 


Density  d4 
Specific  volume  v 
Coefficient  of  expansion  8 


1.192, 

0.838, 

0.00114, 


1.184, 

0.844, 

0.00115, 


20" 

1.176, 

0.856, 

0.00117, 


25" 

1.168, 

0.856, 

0.00118, 


da  =  1.208,-0.001621 


30" 

1.160, 

0.862, 

O.OOI2O4 


Atomic  volume  of  fluorine.  The  atomic  volume  of  fluorine  may  be  computed  by  comparing  the  molecular 
volume  of  chlorofluorethane  and  dlchlorethane  at  their  boiling  points  and  subtracting  the  difference  from  the  atomic 
volume  of  chlorine.  The  density  of  chlorofluorethane  was  obtained  by  extrapolation  from  the  equation  below. 


98.945 

%H4PC1=  1.157 


85.5; 


„  82.46 

VcHaPa 


=  73.4; 


A  =  85.6-73.4  =  12.1 

Taking  the  atomic  volume  of  chlorine  Vqi  as  22.2,  we  get  Vp  =  22.2—  12.1  =  10.1  as  the  atomic  volume  of 
fluorine.  A  result  that  is  close  to  this  value  is  obtained  by  comparing  the  molecular  volumes  of  fluoroftum  [4]  and 
chloroform;  A  =  84.8-^7.8  =  37.0;  37.0;  3  =  12.3;  whence  =  22.2—12.3  =  9.9.  Comparing  the  molecular  volumes 
of  dichloro  difluoromethane  and  tetrafluoromethane  [5]  yields;  A  =  79.5^54.3=25.2;  25.2;  2=  12.6;  22.2—12.6=9.6. 

When  we  allow  for  the  atomic  volume  of  carbon  Vq  -  14.8,  the  molecular  volume  of  tetrafluoromediane  [6] 
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yields:  A  =  54.3-14.8  -C9.5;  39.5: 4  =  9.9.  The  difference  between  the  molecular  volumes  of  hexafluor ethane  and 
tetrafluQielhvlene  [7]  yields  A  =  85.9—65.8  =20.1;  20.1:2  =  10.0.  Thus  the  calculated  values  for  Vp  are:  10.1, 

9.9,  9.6,  9.9  J.0.0.  The  mean  value  of  Vp  =  9.9. 

ViscosJ.tv  .  We  designed  the  viscosimeter  illustrated  in  Fig.  1  to  measure  the  viscosity  of  highly  volatile 
liquids.  The  vi-scosiiy  of  chlorofluorethane  was  measured  in  the  temperature  range  of  15  to  30“  and  expressed 
in  centipoises.  The  tune  required  for  the  water  to  flow  out  varied  from  74.3  to  103.6  sec,  while  the  correspond¬ 
ing  times  fo.r  chlorofluorethane  ranged  from  44.7  to  50.0  sec.  The  viscosity  and  density  of  water  were  taken  from 
the  Handbook  of  Physicochemical  Data.  The  precision  of  the  viscosity  determination  was 

f  i5  16.5  20  25  30 

V  0.665  0.645  O.6I5  0.58,  0.56, 


Surface  tension.  The  surface  tens.\on  of  cMorofluor  ethane  was  measured  in  the  15-30*  range  by  two  methods: 
the  maximum  bubble  i^essure  method  and  the  capilla'ry  rise  method. 

We  used  the  layout  and  apparatus  proposed  by  Reblnde.r  in  our  determinations  by  the 
maximum  bubble  pressure  method.  We  used  thoroughly  purified  benzene  as  the  liquid  to 
detennine  the  constants  of  the  apparatus.  Press’jre  was  measured  to  within  0.2  mm  by  a 
toluene  manometer  with  a  minor  scale.  The  mean  of  5-6  measurements  was  used  for 
each  point.  The  measuring  pressuie  ranged  from  70-80  mm.  The  precision  of  measure¬ 
ment  was  approximately  +0.0%.  The  value  of  the  surface  tension  of  benzene  was  taken 
from  the  Handbook  of  Riysicochemical  Data. 

We  ran  parallel  determinations  of  the  surface  tension  by  the  capillary  rise  method 
in  two  carefully  calibrated  capillaries,  with  r,  =  0.29  ram  and  ^  =  0.23  mm.  The  capil¬ 
lary  was  placed  in  a  test  tube  containing  chlorofluorethane.  The  diameter  of  the  test 
tube  was  large  enough  for  the  meniscus  curvature  not  to  affect  the  accuracy  of  the 
measurement  of  me  liquid’s  rise  ({^  within  the  capillary.  This  rise  was  measured  3-4 
times  i;o  +0.04  mm.  The  liquid  surface  was  renewed  prior  to  each  measurement  by 
forcing  the  liquid  through  the  capillary,  the  measurements  being  repeated  within  the 
limits  of  the  stated  accuracy.  The  rise  of  the  liquid  was  measured  as  the  bottom  of  the 
meniscus.  This  involved  the  application  of  a  correction.  The  correction  was 

Av  irr^  r 

being  0.1  mm  (for  Capillary  No.  1)  and  0.08  mm  (for  Capillary  No.  2). 

The  surface  tension  was  calculated  from  the  formula: 


where  dis  the  density  of  the  liquid,  ^is  the  acceleration  of  gravity  (980.08  cm/sec*), 
wheie  £i8  the  radius  of  the  capillary. 

The  accuracy  of  measurement  was  about  0.8  %. 

Let  us  compare  the  values  of  surface  tension  we  secured  for  chlorofluorethane; 


Fig.  1, 

Viscosimeter . 


15“ 

20“ 

26“ 

e 

0 

00 

Capillary  No.  1 

29.34 

28.73 

27.84 

27.14 

Capillary  No.  2 

29.21 

28.60 

27.94 

27.17 

Bubble  pressure 

29.04 

28.32 

27.63 

- 

Mean 

29.2, 

28.55 

27.8, 

27.I5 

ot  =  31.28-0. 138t 

With  these  values  of  o ,  compute  the  capUlary  constant  a*  and  the  molecular  energy  of  chlorofluor¬ 
ethane  €  where  /n*/ 

a*  =-r—  mm*:  €  =  ol— , 
dg 
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16* 

5.03 

494.2 


20*  25*  30* 

4.96  4.86  4.78 

485.5  474.9  466.1 


a*  =  5.31-0.018  t 


Factor  of  assocxauor..  The  Eotvos  coefficient  k 
is  2.12  for  unassociated  liquids.  These  values  of  k 


gives  the  factor  of  association  of  the  liquid.  It 
have  been  obtained  for  chloroflu(»ethane; 


1.75,  2.22,  1.78,  k.„  =  1.88. 


Kistyakovsky  [8]  gives  —  =  1.16  for  unassociated  liquids,  where  is  the  boiling  point  of  the  liquid 
(*K)at  p=  760  nun;  a*  is  trie  ®  capiiiary  constant  at  ihat  .emperamret  and  Mis  the  molecular  weight.  The 
capillary  constant  oi  chlorofluorettiane,  as  exc^apoiated  for  the  boiling  point  is  4,46.  Whence  82.49 » 4.46 


326 


=  1.13. 


It  is  apparent  from  the  fQ  -egoing  that  chlorofluorethane  is  an  unassociated  liquid. 

The  paiachoi  (P]  -  ■  — dpwtjiex'e  dp  is  the  density  of  the  liquid,  and  ^  Is  the  vapor  density  taken  as 

0.0036  (15")  and  ^  ^  0.0033  ^30  '). 


Using  the  vaitjes  ot  o  arid£^  fo.v  various  temperatures,  we  get:  162.3,  162.5,  162.6,  162.8;  mean  162.5. 

Calculated  from  the  atonuc  pa.tachoresr  2C  =  9. 6"  4B  =  68.4*  Cl  =  54.3?  F  =  26.3. 

P’fcjiijFCl  =  1&8-6. 

We  measured  the  vapor  tension  by  the  static  method  (cf.Kireev  and  Popov  [9],  for  example).  One  feature 
of  our  setup  is  the  extremely  simple  design  of  the  device  with  a  null  manometer,  which  is  convenient  for  use  in 
cases  whe.re  no  especially  high  accuracy  of  measurement  is  required  (Fig.  2).  The  stopcock  of  the  apparatus  is 
lubricated  with  a  grease  that  is  prepared  by  cauuously  heating  a  mixture  of  7  g  of  glycerol,  5  g  of  dextrin,  and 
3.6  g  of  manmte  to  the  boiling  point  [10].  The  accuracy  of  reading  the  manometer  did  not  exceed  0.5  mm.  The 
readings  of  the  maaome*«£  were  reduced  to  standard  conditions.  By  way  of  a  check,  several  pomts  were  approached 
from  two  sides. 


Kireev  til,  12]  has  proposed  an  equation  that  makes  it  possible  to  calculate  the  vapor  tension  of  a  substance 
at  odier  temperatures  from  measurements  of  its  vapor  presstue  at  two  temperatures  and  from  tables  of  the  vapor  i»es- 
sure  of  hexane.  This  equation  is  as  follows  for  chlorofluorethane: 

jcgp  =1.0481  log  + 0.11914. 

We  cite  below  the  experimental  data  and  the  values  of  the  vapor  tension  calculated  from  this  equation: 

t"  15  20  22  25  30  35  40  45  50  51  52  53  54 

161.0  201.3  218.3  250.1  311.4  383.2  464.4  563.7  682.4  704.3  734.2  770.3  802.8 
Pcaic  162.0  198.8  216.5  250.1  308.0  375.5  464.4  575.4  680.1  701.1  731.0  765.5  800.1 

Boiling  point.  Our  measurements  of  the  vapor  tension  give  the  boiling  point  of  chlorofluorethane  at  760  mm 
as  52.8  ^  0,1". 

Heat  of  vaporization.  We  used  three  pairs  of  values  of  the  vapor  tension  at  40  and  45",  50  and  45",  and  50 
and  52"  in  calculating  the  heat  of  vaporiaation  from  the  Clausius-Clapeyron  equation 

1.985 ♦2.303-  log^ 

Tj— Tj  Pj 

We  secured  the  following  values  for  the  heat  of  vaporization  of  chlorofluorethane:  7.67,  7.77,  7.61,  the  mean  value 
being  7.68  Cal/mole. 


There  are  numerous  seraiempirical  formulas  suggested  in  the  literature  relating  the  heat  of  vapcvization 
(X)  with  the  boiling  point  of  unassociated  liquids  [13]. 

Comparing  the  calculated  and  experiment^  values  of  the  latent  heat  of  vaporization,  Chipman  found  that 
the  Kistyakovsky  equation  gave  the  closest  results  [14]. 

Chiixiian  introduced  empirical  coefficients  into  this  equation  for  various  classes  of  organic  compounds.  For 
halogen  derivatives  of  hydrocarbons:  [15] 

X  *  4.578-  1.030;bg(82, 07 
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Fig.  2.  Apparatus  for  dece  niJnJjig  vapor  tension 
(all  dimensions  in  mm). 

1  -  Test  liquid?  2  -  theromsiaeeJ  null  manometer* 
3  -  Stopcock?  4  -  mexury  martomece;  to  read  tee 
vapor  tension;  5  “buifer  bo;. tie;  6  -stopcocK  con  - 


This  formula  gives  \  =  6.80_  ,  i) 

Cal 

Critical  volume.  According  to  Sugden  [16],  the  criti¬ 
cal  volume  is  a  function  of  the  parachor  v^  =  [P]/0.77. 
According  to  Meissner  and  Redding  [17],  these  two  quanti¬ 
ties  are  linked  together  by  the  following  relationship: 

Vj.  =(0.377  [P]  +  11.0)^-”  . 

Taking  the  values  of  [P]  for  chlo,rofluorethane  as 
162.5  and  158.6,  we  obtain  211.0  and  206.0  for  Vp  from 
the  first  formula,  the  mean  being  208.5  cm*  and  205.9  and 
205.4  cm*  for  the  second  formula,  the  mean  being  205.6  cm*. 


Critical  temperature.  The  Lorentz  formula  relating 
the  critical  temperature  to  the  boiling  point  5,  gives: 


Tc  = 


0.64 


325.9 

0.64 


=  509"  K. 


The  molecular  surface  energy  of  a  liquid  becomes  zero 
at  a  temperature  approximately  6“  below  the  critical  tem¬ 
perature.  For  unassociated  liquids: 

€  =  2.12  (Tc-6). 

The  mean  value  2c  of  chloroiluorethane  is: 

Tj;  =  528.  rK 
according  to  this  formula. 


netting  the  apparatus  to  tne  atmo.phex.  j  *1,  r  , 

Meissner  and  Redding  [17]  proposed  the  formula 

Tj.  =  Tb  66— IIF ,  where F  is  the  number  of  fluor¬ 
ine  atoms  in  a  molecule  of  the  compound,  for  organic  compounds  that  contain  halogen  atoms.  This  formula  gives 
=  514.5®K.  Thus,  the  of.  chiorofluorethane  probably  lies  between  510  and  530"K,  Le.,  237-25TC. 


Critical  pressur  e.  Meissner  and  Redoing  [17]  also  suggested  a  formula  linking  the  critic  al  pressure  to  the 
critical  temperature  and  the  criti'cal  volume: 


o  20.8  Tc 
Pc  = - ^ 

Vc-8 

Whence 

Pc  =  53  atm. 

The  authors  of  the  paper  assert  that  the  critical  values  calculated  from  the  suggested  formulas  correspond 
to  actuality  provided  tne  density  of  the  liquid,  as  determined  experimentally,  is  close  to  the  value  calculated 
from  the  equation: 

A  —  PM 
“  K  82.07  T  ’ 


where  P  is  the  vapor  tens -on  of  lihe  .hquid;  Kis  a  quantity  that  is  a  function  of  the  reduced  pressure  =  P/fc 
the  reduced  tempe;;at(ire  T^  =  • 

Let  us  compare  dcaic.  hy  tnis  formula  with  ^xper.s 

16"  20"  25"  30" 

dcalc  i.l7  1.14  1.11  1.13 

dexpe'.  1.18  1.17  1.16  1.16 

In  view  of  the  slight  accuracy  of  the  determination  of  K  graphically  (from  the  alignment  chart  appended 
to  the  Meissner  and  Redding  article),  the  agreement  between  dcaio  and  dexper.™*^^  ^  regarded  as  satisfactory, 
and  the  critical  values  calculated  from  the  formulas  the  probable  ones. 


The  same  paper  gives  anofoei  coefficient,  1.07.  With  this  coefficient  \=  7.07  Cal. 
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SUMMARY 


Several  physicochemical  constants  of  chlorofluorethane  have  been  determined  in  the  15-30*  temperature 
range:  density:  d^  =  1.2037—0.001621;  viscosity:  Tjjg  =  O.GSj;  J720  "  O-^ls;  Va  -  0*58j;  =  0.56j  centipoise;  sur¬ 

face  tension:  o*  =  31.28— 0,138t  (dynes/cm);  factor  of  association;  a  =  1;  parachor:  162.5;  vapor  tension: 
log  p  =  1.0481  log  phexane  +  0.11914;  boiling  point;  52.8+0.1*  (760  mm);  heat  of  vaporixation  (calculated); 

6.8  cal/mole;  critical  volume  (calculated)  206-209  cm^  critical  temperature  (calculated)  237-257*;  critical  pressure 
(calculated)  53  atm;  and  atomic  volume  of  fluorine  Vp  "O.O. 
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THE  REACTION  OF  MIXED  ORG  A  NOM  A  GNESIUM  COMPOUNDS 


WITH  SALTS  OF  FLUOSILICIC  ACID.  Ill 

E.  M.  Soshestvenskaya 


During  the  past  few  years  interest  m  organosilicon  compounds  [1]  has  risen  shaiply,  and  they  have  found  im- 
poiiant  application  in  practice  as  the  result  of  the  work  of  Andrianov  [2]  and  Koton  [3]  for  the  preparation  of  val¬ 
uable  materials.  We  were  therefore  interested  in  pursuing  our  research  on  the  development  of  a  satisfactory  method 
of  prod:xing  tetrasubstitution  derivatives  of  the  monosilanes  of  the  R^Si  type  (where  R  is  a  hydrocarbon  radical).  In 
our  researches  published  previously  [4]  we  described  the  reaction  of  sodium  fluosilicate  with  benzylmagnesium 
chloride,  phenylmagnesium  bromide,  and  ethylmagnesium  bromide,  showing  that  the  yields  of  the  tetrasubstituted 
monosilanes  depends  upon  the  nature  of  the  mixed  organomagnesium  compound  as  well  as  upon  the  proportions 
of  ijrie  reagents.  When  the  reaction  is  carried  out  with  a  large  excess  of  the  fluosilicate  we  found  a  substantial 
increase  in  the  yields  of  tetrabenzylmonosilane,  whereas  the  reaction  of  a  mixed  organomagnesium  compound 
with  magnesium  fluosilicate  followed  a  wholly  different  course. 

These  facts  served  as  a  basis  for  a  study  of  the  behavior  of  other  fluosilicates  with  mixed  organomagnesium 
compounds.  It  was  found  that  potassium  fluosilicate  differs  from  the  corresponding  sodium  salt  in  reacting  slowly 
with  benzylmagnesium  chloride  even  at  room  temperature,  giving  rise  to  tetrabenzylmonosilane.  The  applica¬ 
tion  of  heat  led  to  a  violent,  clearly  exothermic  reaction,  which  followed  the  same  course.  The  yields  of  the 
pure  tetrasubstituted  monosilane  were  29-36  %  of  the  theoretically  possible  values  (based  on  the  benzyl  chloride 
taken  for  the  reaction),  when  the  substances  are  used  in  proportions  that  nearly  satisfy  the  equation:  4C*H5CH2Mgr;l  + 
+  K2SiF8-»(C6H5CH2)4Si  +  2MgCl2  +  2MgF2  +  2KF. 

Barium  and  calcium  fluosilicate  did  not  react  with  an  ether  solution  of  benzylmagnesium  chloride  at  room 
temperature.  Though  the  application  of  heat  aided  the  reaction,  the  yield  of  tetrabenzylmonosilane  still  was  only 
3.9%  and  0.77%,  respectively. 

When  heated,  potassium  fluosilicate  reacted  with  phenylmagnesium  bromide,  the  yield  of  the  organosilicon 
compound  proving  to  be  extremely  high— 46.9%  of  the  theoretical.  The  yield  of  tetraphenylmonosilane  was 
raised  to  25.5%  of  the  theoretical,  based  upon  the  organomagnesium  compound,  by  using  an  excess  of  sodium  fluo¬ 
silicate 

'Thus,  potassium  fluosilicate  must  be  considered  the  most  suitable  salt  for  synthesizing  the  tetrasubstituted 
silanes.  When  sodium  fluosilicate  is  used,  it  is  advisable  to  use  it  in  excess, 

EXPERIMENT  AL 

Reaction  ol  potassium  fluosilicate  with  benzylmagnesium  chlocide.  4.40  grams  of  potassium  fluosilicate, 
>noroughly  pulverized  and  dried  out  in  a  vacuum  desiccator  over  sulfuric  acid,  was  placed  in  an  Erienmeyer 
tlask  with  a  Grignard  reagent  prepared  from  10.22  g  of  benzyl  chloride,  2.14  g  of  magnesium  and  40  ml  of 
absolute  ether  After  the  ether  was  driven  off,  the  residue  was  heated  on  an  oil  bath  to  160-170*  (bath  tempera- 
fuie)  for  1  hour.  Within  3  minutes  the  temperature  within  the  flask  rose  precipitately  to  196*.  The  reaction  was 
slowed  down  by  removing  the  oil  bath  temporarily.  The  reaction  product  was  allowed  to  cool  and  then  treated 
successively  with  ether,  water,  and  hydrochloric  acid.  The  ether  solution  was  pouted  off,  and  the  white  precipi¬ 
tate  together  with  the  aqueous  layer  repeatedly  extracted  with  ether  (210  ml).  The  extract  was  filtered  and  the 
ether  driven  off,  followed  by  the  fraction  boiling  up  to  200*,  the  residue  (5.99  g)  crysullizing  upon  cooling. 
Recrystallization  from  alcohol  and  petroleum  ether  yielded  3.32  g  (m.p.  127.5*)  of  tetrabenzylmonosilane  and 
0,21  g  of  dibenzyl  (m.p.  52®)* 
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The  next  experiment  was  run  with  the  same  quantities  of  reagents,  but  any  rise  of  temperature  inside  the 
flask  above  129*  was  prevented  by  well-timed  cooling.  Heating  on  the  oil  bath  was  again  continued  for  1  hour  at  a 
bath  temperature  of  160-170*.  Processing  of  the  reaction  products  yielded  2.59  g  of  tetrabenzylmonosilane  and  0.19 
g  of  dibenzyl. 

The  third  experiment  was  run  with  the  same  proportions  of  reagents  at  room  temperature,  but  without  driving 
off  the  ether.  After  11  days  of  reaction,  the  mixture  was  decomposed  with  water  and  hydrochloric  acid  and  extract¬ 
ed  with  ether,  the  ether  then  being  driven  off  and  the  extract  residue  being  fractionally  distilled,  first  at  atmospheric 
pressure  up  to  195*  and  then  in  vacuo.  Finally  the  residue  was  recrystallized  from  alcohol.  This  yielded  0.23  g  of 
tetrabenzylmonosilane  and  0.41  g  of  crude  dibenzyl,  plus  toluene  and  a  fraction  that  contained  benzaldehyde. 

Reaction  of  potassium  fluosilicate  with  phenyl  magnesium  bromide.  5.5  g  of  potassium  fluosilicate  was  added 
to  a  Grignaxd  reagent,  prepared  from  15.7  g  of  bromobenzene,  2.43  g  of  magnesium,  and  50  ml  of  absolute  ether. 
After  the  ether  had  been  driven  off,  the  residue  was  heated  to  147*  on  an  oil  bath.  A  violent  reaction  set  in  sudden¬ 
ly,  the  temperature  inside  the  flask  rising  to  191*  within  5  minutes,  notwithstanding  the  removal  of  the  bath  and  the 
application  of  air  cooling.  When  the  temperature  within  the  flask  had  dropped  to  187*,  the  reaction  mixture  was 
heated  for  55  minutes  on  an  oil  bath  (bath  temperatme  147-175*).  During  this  time  the  temperature  within  the  flask 
dropped  to  130*.  After  the  reaction  product  had  cooled,  it  was  processed  with  water,  hydrochloric  acid,  and  20  ml  of 
benzene.  Then  the  benzene  layer  was  poured  off,  and  the  residue  was  extracted  repeatedly  with  benzene  (70  ml). 

The  yellowish  solid  product  7. 78  g)  left  after  the  benzene  had  been  driven  off  was  washed  with  hot  alcohol  and  re- 
crystallized  from  petroleum  ether.  The  melting  point  (230.5*)  and  the  results  of  elementary  analysis  indicated  that 
it  was  tetraphenylmonosilane,  the  yield  totaling  4.3  g. 

Reaction  of  sodium  fluosilicate.  taken  in  excess  with  phenylmagnesium  bromide.  23.5  g  of  sodium  fluo¬ 
silicate  was  added  to  a  Grignard  reagent  prepared  from  the  same  quantities  of  bromobenzene,  magnesium,  and  ab¬ 
solute  ether  as  before.  The  residue  left  in  the  flask  after  the  ether  had  been  driven  off  was  heated  for  1  hour,  the 
oil-bath  temperature  and  the  temperature  within  the  flask  fluctuating  within  the  ranges  of  169-175*  and  124-129* 
respectively.  The  reaction  product  was  treated  with  20  ml  of  benzene,  water,  and  hydrochloric  acid.  The  benzene 
layer  was  poured  off,  and  the  residue  was  extracted  repeatedly  with  benzene  (100  ml).  Recrystallization  of  the  crude 
product  from  hot  benzene  (4.73  g)  left  after  the  benzene  had  been  driven  off  yielded  2  g  of  pure  and  0.34  g  of  less . 
pure  tetraphenylmonosilane,  plus  0.13  g  of  diphenyl  (m.p.  70.9*). 

Reaction  of  calcium  fluosilicate  with  benzylmagnesium  chloride.  An  ether  solution  of  benzylmagnesium 
chloride,  prepared  from  10.22  g  of  benzyl  chloride,  2.05  g  of  magnesium,  and  50  ml  of  ether,  was  distilled  on  a 
water  bath  with  3.64  g  of  anhydrous  calcium  fluosilicate.  The  distillation  residue  was  heated  for  1  hour  on  an  oil 
bath(temperature  within  the  flask:  119-136*).  Processing  of  the  reaction  product  yielded  toluene,  dibenzyl  (0.23  g) 
and  tetrabenzylmonosilane  (0.06  g). 

Reaction  of  barium  fluosilicate  with  benzylmagnesium  chloride.  Two  experiments  were  run:  one  at  room 
temperature,  and  the  other  with  heat  applied.  In  the  first  experiment  the  ether  solution  of  benzylmagnesium  chloride 
(made  from  5.96  g  of  benzyl  chloride,  1.20  g  of  magnesium,  and  29  ml  of  absolute  ether)  stood  for  several  days  in 
contact  with  3.39  g  of  barium  fLuosilicate.  Toluene  and  dibenzyl  were  found  after  the  products  had  been  processed, 
no  organosilicon  compounds  being  detected. 

In  the  second  experiment  we  used  5.59  g  of  barium  fluosilicate  and  a  Grignard  reagent  prepared  from  10.22 
g  of  benzyl  chloride,  2.05  g  of  magnesium,  and  50  ml  of  ether.  After  the  ether  had  been  driven  off,  the  mixture  was 
heated  for  1  hour  on  an  oil  bath  whose  temperature  was  160-170*.  Processing  of  the  reaction  products  yielded  tolu¬ 
ene,  dibenzyl  (0.34  g),  and  tetrabenzylmonosilane  (0.31  g). 

SUMMARY 

1.  A  study  has  been  made  of  the  behavior  of  potassium,  calcium,  arul  barium  fluosllicates  with  benzylmag¬ 
nesium  chloride  and  of  potassium  fluosilicate  with  phenylmagnesium  bromide. 

2.  It  has  been  found  that  utilizing  an  excess  of  NajSiFj  for  the  production  of  tetraphenylmonosilane  sharply 
increfises  the  yield  (from  5.6^o  at  stoichiometric  quantities  to  2b.5Pjo  when  the  molar  ratio  of  the  salt  to  the  phenyl- 
magr.esium  bromide  is  5:4.) 

3.  Potassium  fluosilicate  reacts  more  readily  than  sodium  fluosilicate  with  benzylmagnesium  chloride  and 
phenylmagnesium  bromide.  The  yields  of  the  tetrabenzylsilicon  were  raised  from  20*^^  to  29-36^,  while  that  of  tet- 
raphienylmonosilane  rose  from  5.6^o  to  46.9*70  (for  stoichiometric  proportions  of  the  reagents). 
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THE  SYNTHESIS  AND  PROPERTIES  OF  SOME  TRIARYL  ALKYL  SILANES 

P.S.Sanin  and  A. D. Petrov 


Up  to  now  we  know  of  only  a  few  cyclic  Cij-Cjg  silanes  that  are  liquids  because  of  the  asymmetrical  nature 
of  the  structure;  they  are  listed  in  the  table  below. 


They  are  all  two  or  three- 
ring  systems,  distinguished  by 
their  fairly  low  viscosity  and 
their  specific  gravity  of  less  than 
1.  Continuing  the  research  on  the 
synthesis  of  silanes  containing 
naphthyl  radicals  recently  pub¬ 
lished  by  A. D. Petrov  and  V.S. 
Chugunov  [4],  in  the  present  re¬ 
search  we  have  endeavored  to 
secure  four-ring  silanes  by  means 
of  organomagnesium  synthesis. 
Under  the  conditions  described 
below  we  succeeded  in  synthe¬ 
sizing  the  following:  a-naph- 
thyl-di-p-tolylethylsilane  and  a- 

naphthyl-di-p-tolyl-n -butylsilane.  Both  of  these  substances  proved  to  be  highly  viscous  products  (glasses  at  room 
temperature),  which  became  mobile  at  45-50",  and  possessed  specific  weights  in  excess  of  1.  When  we  tried  to  syn¬ 
thesize  a  -  naphthyl-di-p-tolyl-tert-amylsilane,  we  got  a -naphthyl -di-p-tolylsilane  instead.  Taurke  [5],  Taylor  [6]. 
and  other  researchers  secured  hydrocarbons  of  this  type  by  means  of  the  reaction:  HSiCl  +  6  Me  +  3RX  — ►  HSiRj, 
only  cusa  and  Kipping  [3]  obtaining  phenyldicyclohexylsilane  by  reacting  an  excess  of  cyclohexylmagnesium  bromide 
with  phenyl trichlorosilane.  They  gave 

CgHgfCgHij^lgSiCl  +  2CgHuMgBr  ^ 

— >  C,Hu  -.CgHii  +  MgBrCl  +  C,H5(C,Hn),SiMgBr  C,H5(C,Hu),SiH 

as  the  last  stage  of  this  reaction,  finding  that  the  third  cyclohexyl  radical  cannot  enter  the  silane  molecule  because 
of  sterlc  hindrances. 


No. 

Silane 

B.p. 

Specific  gravity 

1 

(C2H5)2Si(CjH5)2  Diethyldiphenylsilane  [1].... 

305-315" 

2 

p-(C2H5C,H4-C,H5-Si(C2H5)2  p-Ethylphenyl- 

169-170 

dj®  0.9830 

diethylsilane  [2] . 

at  14  mm 

3 

(C3H^j)2'C3H5'SiH  dicyclohexylphenyl- 

- 

silane  [3] . 

340-345 

4 

(^6^u)*‘CsH5’SiC2H5  dicyclohexylphenyl- 

ethylsilane  [3] . 

370 

— 

5 

(C2H5)2C,H5-Si*CeH4-C3Hj’  diethylphenyl- 

170  at 

d|g  0.931 

xenylsilane  [2] . 

14  mm 

6 

a  -CifHjSi(C4Hf)g  a -naphthyltributylsilane  [4] 

349-350 

dj®  0.9493 

7 

G-Ci3HfSi-(C9Hi3)3  a-naphthyltrihexylsilane 

[4] . 

380-384 

d|J  0.9936 

In  our  experiment  the  reaction  was  as  follows: 

a  -CuHT(C^4iCHf)tSiX 


CH, 

iX  +2BrMg-5C-CHi- 

i:Hs 


CHj  — ►  MgBrX  + 


CHg-C  =  CH-CH,  +  CHj-CH-CHj-CH,  +  a-CioH7(CgH4PHj)2SiMgBr  — ►  a-  Ci,H7(CgH4pHs)2SiH. 

CHj  in. 

It  is  obvious  that  it  is  impossible  to  introduce  two  such  sterically  difficult  radicals  as  a-C„H7  and 


CHj 

— C-CH2-CH3  with  the  aid  of  Mg. 
CH3 
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EXPERIMENTAL 


1.  a -Naphthyl-di-p-tolylethylsilane.  We  used  a-naphthyltiiethoxysilane,  produced  by  the  E.Khotinsky  —  V. 
Serezhenkov  method  [7],  as  our  initial  material.  The  introduction  of  two  tolyl  radicals  required  a  considerable  ex¬ 
cess  of  p-bromotoluene  and  Mg,  with  the  reaction  carried  out  in  boiling  toluene.  When  the  excess  of  the  aryl  halide 
and  Mg  was  diminished  to  100?o ,  we  got  a  mixture  of  o-naphthyl-p-ditolylethoxysilane  and  a -naphthyl- p-tolyldi- 
ethoxysilane  under  the  stated  temperature  conditions.  Substitution  of  the  last  ethoxy  group  was  even  harder;  even 
when  we  boiled  a  sixfold  excess  of  ethyl  bromide  in  isoamyl  ether  we  got  nothing  but  a  mixture  of  a-naphthyl-p- 
ditolylmonoethoxysilane  and  the  corresponding  tetrasubstituted  silane.  Only  a  reprocessing  of  this  mixture  with  a 
sixfold  excess  of  Cjl^Br  under  the  same  conditions  yielded  the  pure  tetrasubstituted  silane. 

Used;  29  g  of  naphthyltriethoxysilane,  171  g  of  p-bromotoluene,  23  g  of  magnesium,  400  ml  of  ether,  and 
200  g  of  toluene. 

a-Nai^thyltriethoxysilane  was  poured  into  Mg-p-tolyl  bromide  at  room  temperature;  then  the  ether  was 
driven  off  and  replaced  by  toluene,  in  which  the  reaction  mixture  was  heated  on  an  oil  bath  for  two  hours.  The  re¬ 
action  product  was  decomposed,  first  with  water  (using  efficient  cooling),  and  then  with  dilute  HfS04,  until  all  the 
precipitate  had  dissolved.  The  toluene  was  driven  off,  and  the  fraction  boiling  over  242*  was  distilled  in  a  2-mm 
vacuum;  Fraction  1,  up  to  140*  -6  g;  Fraction  2,  140-236*— 5  g;  Fraction  3,  232-238*  —27  g;  and  Fraction  4 
(residue)—  12  g.  Fraction  1  crystallized  in  part. 

Analysis  of  the  crystals  with  a  m.p.  of  121*: 

0.1322  g  subs.:  0.4464  g  CO^;  0.1322  g  1^0.  Found  ^o:  C  92.09;  H  7.81.  C^Hu-  Calc.*^:  C  92.27;  H  7.73. 

The  analysis  findings  and  the  melting  point  indicated  that  the  solid  substance  was  di-p-tolyl. 

Fraction  3,  the  yield  of  which  was  70*70,  was  a  thick,  not  very  mobile  green  liquid;  its  b.p.  was  234-236*  at 
2  mm  after  redistillation. 

0.1424  g  subs.:  0.4282  g  CO,;  0.0912  g  H,0.  0.6100  g  subs.;  0.0940  g  SiO,.  0.1250  g  subs;  20.7  ml  0.1  N 

NaiSjO,  (by  the  Kreshkov  and  Nessonova  method  [8]).  Found*?):  C  82.03;  H  6.86;  Si  7.23;  OCjH,  11.86. 

C,4H,iSiOC,H5.  Calculated  *7o:  C  81.62;  H  6.86;  Si  7.34;  OCjH,  11.78. 

Thus,  the  234-236*  (2  mm)  fraction  was  a-naphthyl-di-p-tolylmonoethoxysilane  [a -Ci,Hy(CH,C,H4),SiOC|H5]. 

We  used;  9.2  g  of  Mg,  44  g  of  C,N5Br,  25  g  of  a-naphthyl-di-p-tolylmonoethoxysilane,  150  ml  of  diethyl 
ether,  and  150  ml  of  isoamyl  ether  in  the  synthesis  of  a -naphthyl-di-p-tolylethylsilane. 

To  ethylmagnesium  bromide  dissolved  in  ether  we  added  a-naphthyl-di-p-tolylmonoethoxysilane,  after 
which  the  diethyl  ether  was  replaced  by  isoamyl  ether,  and  the  reaction  mixture  was  heated  to  the  boiling  point  of 
the  Isoamyl  ether  on  an  oil  bath  for  6  hours. 

The  product  was  decomposed  in  the  usual  manner  and  the  isoamyl  ether  driven  off,  leaving  22  g  of  a  frac¬ 
tion  with  a  b.p.  of  224-230*  at  1.5  mm,  which  still  contained  some  a-naphthyl-di-p-tolylmonoethoxysilane,  to  judge 
by  the  analysis  findings.  The  fraction  was  reprocessed  with  an  excess  of  CjHsMgBr  (9.2  g  of  Mg  and  44  g  of  CjHsBr) 
under  the  conditions  set  forth  above  in  order  to  effect  complete  replacement  of  the  ethoxy  group.  After  decompo¬ 
sition,  we  secured  17  g  of  a  fraction  with  a  b.p.  of  224-226*  at  1.5  mm.  At  room  temperature  it  was  a  glass,  which 
became  mobile  at  45  -60*. 

d|5  1.0798. 

0.1328  g  subs.;  0.4142  g  CO,;  0.0866  g  H^O.  0.5234  g  subs.;  0.0828  g  SiO,.  Found*7o:C  85.05;  H  7.20;  Si 

7.46.  C,,H,,Sl.  Calculated*7otC  85.18;  H  7.15,  Si  7.67. 

2.  g -Naplithyl-p-ditolyl-n-butylsilane  was  synthesized  under  the  conditions  specified  above,  the  yield  tot¬ 
aling  20  g  (80*70!  of  the  theoretical). 

B.p.  227-229*  at  1.5  mm;  d|5  1.0697. 

0.1306  g  subs.;  0.4066  g  CO^;  0.0870  g  H,0,.  0.6074  g  subs.:  0.0992  g  SiO,.  Found*7o:C  84.95;  H  7.45; 

Si  7.32.  C„H3,Si.  Calculated*7o:  C  85.20;  H  7.67;  Si  7.11. 
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3.  a-Naphthyi-p-d-‘.oTvi«’lane,  Initial  maietiais:  17.5  g  of  Mg.  83  g  of  tert-amyl  chloride,  20  g  of  a- 
naphrhvl-p-ditolylmonoctnoxys.tlane,  400  n'i  of  diethyl  ether,  and  150  ml  of  isoamyl  ether.  The  ethoxy  group  was 
replaced  at  once  in  thi-  case,  no  furtbe.v  processing  of  the  reaction  p’oduct  with  tert-amyl  magnesium  chloride  being 
required.  The  thick  liquid  with  a  b.p.  ot  229-231'’  at  1.5  mm  we  secured  was  more  like  Cj^idjjSi  than  €29113251,  to 
judge  by  the  analysis  find  ings. 

0.1350  g  subs.:  -0.4220  g  CO.'  0.0868  g  M,0.  0.6124  g  subs.:  0.1038  g  SjO^.  Found  <70;  C  85.20;  H  7.21; 

Si  7.95.  C29Hj2Si.  Calculated  C  85.23;  H  7.90;  Si  6.87.  C2*H22Si.  Calculated  C  85.20;  H  6.53; 

Si  8.27. 

The  presence  of  hydrogen  instead  of  a  tertiary  amyl  group  in  the  final  product  was  also  proved  by  treating  it 
with  a  20^0  solution  of  KOH  and  acetone  (by  the  Cusa  and  Kipping  method),  slow  decomposition  with  the  evolution 
of  hydrogen  ensuing. 


SUMM  ARTf 

1.  a-Naphthylwii“P  tolyletbylsilane,  a -naphtbyl-di-p  tolylbutylsilane,  a -naphthyl  di-p-toly Imonoethoxy- 
silane,  and  a-naphthyl-di-p-tolylsilane  have  been  synthesized  for  the  first  time. 

2,  It  has  been  shown  that  organomagnesium  synthesis  cannot  be  employed  to  introduce  two  sterically  brnd- 
e-ed  radicals  --  /  itapntbvl  and  tert-amyl  into  a  silane  molecule. 
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MOLECULAR  COMPOUNDS  OF  ZnClj  WITH  ALCOHOLS 
A.  B.  Kuchkarov 


Zinc  chloride  is  widely  used  as  a  catalyst  in  various  alkylation  reactions.  There  are  many  papers  [1]  on  the 
alkylation  of  phenols,  amines,  and  aromatic  hydrocarbons  with  alcohols.  The  mechanism  involved  in  these  synthe¬ 
ses  has  not  been  investigated  systematically  up  to  now,  however.  Some  researchers  consider  that  ZnClf  acts  in  these 
syntheses  as  a  dehydrating  agent.  Others  [3],  without  any  justification,  compare  its  action  with  that  of  Aids,  HSSO4, 
and  other  acid  catalysts. 

We  believe  that  the  isolation  and  study  of  the  intermediate  products  formed  during  the  reaction  are  of  great 
importance  in  clearing  up  the  mechanism  involved  in  these  syntheses.  We  therefore  undertook  an  investigation  of 
the  reaction  of  alcohols  with  ZnClj  with  the  objective  of  ascertaining  wherein  ZnCl*  differed  from  or  resembled 
other  condensing  agents. 

In  order  to  learn  whether  zinc  alcoholates  could  be  formed  as  intermediate  products  in  alkylation  with  al¬ 
cohols,  we  made  a  study  of  the  reaction  of  n-butyl  and  isoamyl  alcohols  with  ZnCl^  under  alkylating  conditions. 

A  current  of  anhydrous  nitrogen  was  passed  through  a  mixture  of  the  alcohol  and  ZnCl^  as  it  was  heated  first  to 
60-80“  and  then  to  170-175“.  After  the  nitrogen  had  passed  through  the  reaction  mass,  it  was  passed  through  a 
bottle  containing  a  concentrated  solution  of  AgNOs.  No  HCl  was  evolved  at  all. 

Convinced  that  it  was  unlikely  that  zinc  alcoholates  were  produced  under  these  conditions,  we  then  made 
a  study  of  the  products  secured  when  ZnClj  reacts  with  alcohols.  We  investigated  the  reactions  of  ZnCl*  with  methyl, 
ethyl,  n-propyl,  n-butyl,  isopropyl,  and  isoamyl  alcohols.  We  also  made  a  study  of  similar  reactions  with  ethylene 
glycol  and  cyclohexanol.  The  reactions  were  carried  out  at  110-170“.  Appropriate  processing  of  the  products  of  the 
reaction  between  ZnClj  and  the  alcohols  yielded  coordination  compounds,  the  composition  of  which  was  established 
by  analysis.  It  was  found  that  the  alcohols  and  the  ZnClj  combined  in  these  coordination  compounds  in  equimolar 
proportions,  yielding  ROH-ZnClj.  In  the  case  of  cyclohexanol  we  secured  a  crystalline  compound,  (CeHjjO)*  •  ZnClj. 
The  other  reaction  products  were  thick,  oily  liquids  with  a  peculiar  odor,  which  were  highly  hygroscopic  and  un¬ 
stable  and  possessed  strongly  acid  properties. 

Investigation  of  the  pH  of  aqueous  and  alcoholic  solutions  of  ZnCl{  indicated  that  a  change  in  the  ZnCl* 
concentration  greatly  affects  the  pH.  For  instance,  when  the  ZnClj  concentration  in  C^HsOH  was  0.44  M,  the  pH 
was  4.59,  while  at  4.9  M  the  pH  was  2.06. 

According  to  Meerwein  [4],  the  acidic  properties  of  such  compounds  are  due  to  the  formation  of  complex 
acids  of  the  following  type: 

ZnCl,  +  2H,0  ^  [ZnCl2-(OH),]H,  ^  [ZnCljfOH),]"  4  2Ht 

Hence,  it  must  be  supposed  that  alcohols  also  yield  similar  acids:  [ZnCl*  "(ORljn,  [ZnCl^  •  (ORjjjHj.  These 
coordination  compounds  are  cleaved  at  certain  temperatures,  yielding  olefins,  ethers,  aldehydes,  hydrogen,  water 
and  zinc  oxychloride 

Then  we  investigated  the  catalytic  activity  of  these  acidic  coordination  compounds  in  alkylation,  acyla¬ 
tion,  and  esterification  reactions.  Condensation  of  benzoyl  chloride  with  toluene  in  the  presence  of  [ZnClj*  CjHgOjH, 
[ZnCli  •  (CsHijO)!]!^,  or  [ZnClj’OHjH  at  40-70“  results  in  the  formation  of  4-methylbenzophenone  (25-35®i5»).  These 
reactions  do  not  take  place  under  these  conditions  when  ZnCl2  is  used. 

Benzene  was  alkylated  with  n-butyl  chloride  at  80-85“  in  the  presence  of  [ZnCl2  •  C^HsOjH,  yielding  a  mix¬ 
ture  of  butylbenzenes  {2^flJo).  As  we  noted  earlier  [5],  alkylation  with  alkyl  chlorides  takes  place  only  at  much 
nigher  temperatures  (150-200“)  when  ZnCl2  is  used. 
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when  we  alkylated  toluene  with  trimethylethylene  in  the  presence  of  [ZnCl^  •  C8H70]H  we  secured  a  mixture 
of  isomeric  amyltoluenes  (20^);  no  reaction  took  place  with  ZnCl*. 

The  reaction  of  ethyl  alcohol  with  glacial  acetic  acid  in  the  presence  of  [ZnClj  •  CjHsOlH  or  [ZnClj  • 
•C4H90JH  results  in  the  production  of  ethyl  acetate,  the  yield  being  70-75<5i)  of  the  theoretical;  when  we  condensed 
butyraldehyde  with  ethyl  alcohol,  using  [ZnClj  •  CjHsOJH  or  [ZnClj  *  (C8HiiO)|]H2,  we  secured  butyraldelyde  acetal, 
the  yield  being  as  high  as  of  the  theoretical. 

We  also  performed  a  few  condensations  of  alcohols  with  aromatic  compounds  in  the  presence  of  ZnClf  at 
various  temperatures  in  order  to  shed  some  light  on  the  mechanism  involved  in  alkylation  with  alcohols.  We  found 
that  alkylation  involves  a  stage  in  which  olefins  are  formed,  and  that  the  temperature  required  for  a  successful 
reaction  is  somewhat  higher  than  that  required  for  the  cleavage  of  the  coordination  compounds  of  ZnCl^  and  al¬ 
cohols.  The  alkylation  of  toluene  with  n-butyl,  n-propyl,  and  isoamyl  alcohols,  for  example,  does  not  take  place 
at  165-175*,  even  when  the  quantity  of  ZnCl]  used  is  substantial.  When  these  reactions  are  canied  out  at  high  tem¬ 
peratures  (200-220*),  we  get  the  respective  alkyl  derivatives.  Alkylation  with  isopropyl  alcohol  occurs  at  170-175* 
(the  cleavage  temperature  is  160-165*).  The  fact  that  the  alkylation  reaction  involves  a  stage  in  which  olefins  are 
produced  is  also  borne  out  by  the  production  of  secondary  alkyl  derivatives  with  alcohols  of  normal  structure 
employed  [5]. 

We  have  also  found  that  aromatic  hydrocarbons  (benzene,  toluene)  are  not  alkylated  by  olefins  in  the  pres¬ 
ence  of  ZnCl}. 

These  findings  lead  us  to  believe  that  the  various  alkylations  of  aromaticcompounds  with  alcohols,  using 
ZnClf,  involve  a  stage  in  which  coordination  compounds  of  the  [ZnCl|  *  OR]H  or  [ZnCl^  *  (OR)8]H|,  type  are  pro¬ 
duced,  these  compounds  then  breaking  down  into  the  respective  olefins  under  the  reaction  conditions.  Then  the 
olefins  condense  with  the  aromatic  hydrocarbons  under  the  influence  of  the  complex  acids  [ZnClf'OHlH  or 
[ZnCl|*OR]H,  yielding  the  respective  alkyl  derivatives; 

R-CH,-Cl%OH  ■¥  ZnClj  [R-CH,-CH|0  •  ZnCl,]H,  (1) 

[R-CH,-C1^0  •  ZnCl,]H-t-  R-CH=CH,  ♦  [ZnCl,  •  OH]H,  (2) 

CHj 

R-CH==Clt  HAr  Ar-CH<  (3) 

^R. 

We  have  also  found  that  molar  compounds  of  ZnClj  with  water  possess  catalytic  properties.  When  benzene 
is  alkylated  or  acylated  in  the  presence  of  [ZnClt*OH]H,  we  get  up  to  ZQPfo  of  the  respective  products.  Alkylating 
toluene  with  butyl  chloride  at  180-190*  in  the  presence  of  [ZnClf  •  OH]H  results  in  the  formation  of  a  mixture  of 
butyltoluenes,  the  yields  being  as  high  as  55<^:  To  compare  the  catalytic  activity  of  ZnCl^  with  that  of  other  metal 
halides  we  performed  several  condensations  of  benzene  with  n-i»opyl  and  n-butyl  alcohols.  These  reactions  yielded 
no  results  with  CaClj,  CdCl],  MgClj,  or  BaClf,  even  at  250-260*.  This  is  due  to  the  fact  that  the  alcohols  are 
driven  off  from  alcoholic  solutions  of  these  metal  chlorides  at  high  temperatures,  without  any  olefins  being  pro¬ 
duced. 

I  wish  to  express  my  profound  gratitude  to  Prof.  I.  P.  Tsukervanik  and  Prof.  V.  V.  Udovenko  for  their  as¬ 
sistance  and  counsel. 


EXPERIMENTAL 

I.  Coordination  Compounds  of  Zinc  Chloride  and  Alcohols 

The  zinc  chloride  was  dehydrated  by  fusing  a  pure  preparation  with  cone.  HCl  (sp.  gr.  1.19).  The  alcohols 
were  thoroughly  dried  by  refluxing  them  for  a  long  time  with  CaO  and  then  fractionating;  then  they  were  dried 
again  over  anhydrous  CUSO4  and  fractionated  over  Na.  The  reaction  was  performed  in  a  flask  connected  to  a  re¬ 
flux  condenser,  the  mixture  of  reagents  being  heated  for  4-5  hours.  When  the  reaction  was  over,  the  mass  was 
repeatedly  treated  with  a  mixture  of  diethyl  and  petroleum  ethers.  The  resultant  oily  reaction  products  were 
analyzed  after  the  excess  solvent  had  been  eliminated  by  evaporation  in  vacuo  (15-20  mm  at  45-50*). 

1.  Methanol-zinc  chloride.  We  used  3.5  g  of  CHsOHand  9.7162  g  of  ZnCl|;  when  the  reagents  were  mixed 
together,  the  mass  warmed  up  considerably.  The  mixture  was  heated  5  hours  at  150-155*.  The  excess  alcohol  was 
removed  from  the  resultant  oily  product  by  evaporation  in  vacuo  (15-20  mm)  at  45-60*  or  without  the  use  of  vacuum 
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at  145-150*  to  constant  weight.  This  yielded  12.1022  g  of  a  product  (9.7162  g  theoretically).  ZnCly  should  com¬ 
bine  with  2.286  g  of  CHsOH,  giving  rise  to  12.0022  g  of  CH3OH  •  ZnCl*.  The  same  product  was  obtained  by  treat¬ 
ing  the  reaction  mixture  with  a  mixture  of  diethyl  and  petroleum  ethers,  followed  by  evaporating  the  excess  solvent 
(15-20  mm  at  45-60*). 

The  synthesized  product  is  a  bright,  thick  oil  that  possesses  marked  acidic  properties.  When  the  product  is 
heated  to  180*,  it  is  cleaved,  giving  rise  to  dimethyl  ether.  Practically  no  unsaturated  compounds  are  formed. 

Analysis  for  C,  H,  Zn,  and  Cl  showed  that  its  composition  was  that  of  CH3OH*  ZnCl^. 

d|J  1.857;  nf5  1.5105;  MRj,  27.00;  calculated  26.34. 

0.0730  g  substance:  43  ml  0.02  N.  AgNOs-  0.1888  g  substance:  16.5  ml  K^pefCN)#  (^=  0.766)  and  in  back- 
titration  1.30  ml  ZnS04  (£=  1.033).  0.15U  g  substance:  0.0374  g  COj;  0.029  g  1^0.  Found  Cl  41.30;  Zn  39.10; 

C  6.81;  H  2.20.  CHjOH-ZnClj.  Calculated  <55);  Cl  42.00;  Zn  38.80;  C  7.14;  H  2.41. 

2.  Ethyl  alcohol -zinc  chloride.  We  used  9.2  g  (0.2  mole)  of  CtHsOH  and  6.541  g  of  ZnCl^.  Considerable 
heat  was  evolved  when  they  were  mixed  together,  the  temperamre  of  the  mixture  rising  to  45*.  The  reaction  mass 
was  heated  to  140-145*  for  5  hours.  When  the  reaction  was  over,  the  product  was  evaporated  in  vacuo  (40-45*;  15- 
20  mm)  to  constant  weight.  This  yielded  8.701  g  of  product.  The  substance  was  a  bright  oil  with  a  peculiar  odor. 

When  it  was  heated  to  170-175*,  it  was  cleaved,  yielding  ethyl  alcohol,  acetaldehyde  and  ethylene. 

d|5  1.800;  1.5125;  MR^  30.36;  calculated  30.96. 

0.1090  g  substance:  0.050  g  CO|;  0.0344  g  H|0.  0.1166  g  substance:  64  ml  AgNOs.  0.2684  g  substance; 

21  ml  K4pe  (CN)6.  1.20  ml  ZnS04.  Found  <5fc:  C  12.51;  H  3.55;  Cl  38.14;  Zn  36.14.  C1H5OH  •  ZnCl,. 

Calculated ‘5(,;  C  13.18;  H  3.31;  Cl  38.89;  Zn  35.36. 

3.  n-Propyl  alcohol -zinc  chloride.  We  used  18  g  (0.3  mole)  of  nCsHsOH  and  34  g  (0.25  mole)  of  ZnClf, 
and  heated  to  160-165*  for  4  hours.  After  the  reaction  was  over,  the  mass  was  processed  with  a  mixture  of  ethers; 
evaporation  in  vacuo  to  constant  weight  to  eliminate  the  solvent  yielded  a  bright  oil;  it  decomposed  at  205-210*, 
giving  rise  to  propylene. 

d|8  1.630;  ng  1.5193;  MR^  36.48;  calculated  35.57. 

0.0548  g  substance:  28.90  ml  AgNOs.  0-2188  g  substance;  16  ml  K4pe(CN)4,  2.10  ml  ZnS04.  Found 

Cl  36.64;  Zn  33.16.  CsHsOH-  ZnCls.  Calculated  Cl  36.20;  Zn  33.40. 

4.  Isopropyl  alcohol-zinc  chloride.  We  used  9  g  (0.15  mole)  of  CsH^OH  and  10  g  of  ZnCl^.  Heating  to 
130-140*  for  4  hours.  This  yielded  a  bright  oil,  which  decomposed  at  150-160*,  producing  propylene. 

d|J  1.589;  ng  1.4908;  MRjj  35.98;  calculated  35.57. 

0.051  g  substance:  26.80  ml  AgNOs-  0-2458  g  substance;  17.50  K4Fe(CN)4,  0.7  ml  ZnS04.  Found  1^; 

Cl  36.88;  Zn  33.75.  CsHtOH- ZnCl,.  Calculated  Cl  36.20;  Zn  33.40. 

5.  Normal  butyl  alcohol-zinc  chloride.  We  used  15.0  g  (0.2  mole)  of  C4HSOH  and  14  g  (0.1  mole)  of 
ZnClf,  and  heated  to  160-165*  for  5  hous.  This  yielded  a  thick  oil  which  decomposed  at  175-185*,  producing 
butylene. 

d|8  1.539;  ng  1.4910-,.  MRq  40.18;  calculated  39.70. 

0.0454  g  substance;  21.60  ml  AgNOs.  0-1314  g  substance;  11.00  mlK4]Fe(CN)8,  2.00  ml  ZnS04. 

Found  <%:  Cl  33.06;  Zn  31.64.  C4H,OH •  ZnClf.  Calculated  Cl  33.76;  Zn  31.10. 

6.  Isobutyl  alcohol-zinc  chloride.  We  used  15  g  (0.2  mole)  of  C4H^H  and  14  g  (0.1  mole)  of  ZnClf,  and 
heated  to  140-150*  for  5  hours.  This  yielded  an  oil. 

dfj  1.550;  ng  1.490;  MRq  39.00;  calculated  39.70: 

0.0474  g  substance:  23  ml  AgNQf.  0.1416  g  substance;  11.00  ml  K^pefCN)^,  1.70  ml  ZnS04. 

Found  ojoz  Cl  33.72;  Zn  30.79.  C4H,OH-ZnClf.  Calculated  Cl  33.76;  Zn  31.10. 

7.  Ethylene  glycol-zinc  chloride.  We  used  12.5  g  (0.2  mole)  of  ethylene  glycol  and  14  g  of  ZnClf. 

Heating  to  150-155*  for  6  hours.  This  yielded  a  transparent,  thick  oil. 

d|J  1.7950;  ng  1.5168;  MRj)  33.50;  calculated  32.73. 
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0.0550  g  substance:  27.30  ml  AgNOj,  0.2376  g  substance:  17.00  ml  K4fe(CN)e,  1.40  ml  ZnS04. 

Found  <5S>:  Cl  34.50;  Zn  31.91.  CjH,0^  •  ZnCl*.  Calculated  *^0%  Cl  35.25;  Zn  32.46. 

8.  Cyclohexanol-zinc  chloride.  We  used  10  g  (0.1  mole)  of  C^HijO  and  12  g  of  ZnClf.  Heating  to  120- 
125*  for  10  hours.  When  the  reaction  mass  was  allowed  to  stand  for  several  days,  crystals  settled  out,  which  were 
quickly  filtered  and  washed  with  petroleum  ether.  This  yielded  white  needles  with  an  m.p.  of  80-82*.  To  judge 
by  the  results  of  analysis,  the  resultant  substance  has  the  composition  of  (C^HuO)!  •  ZnCl^.  It  is  acidic  and  hygro¬ 
scopic.  When  heated  to  140*,  it  is  cleaved  into  cyclohexene  (b.p.  82-84*)  and  a  product  with  a  b.p.  of  230-240* 

(whose  composition  was  not  determined). 

0.0456  g  subsMnce:  14.00  ml  AgNQj.  0.0774  g  substance:  5.70  ml  K4pe(CN)4,  2.00  ml  ZnSO^. 

0.1024  g  substance:  0.1591  g  CO^;  0.0630  g  H,0,  Found  Cl  21.33;  Zn  19.90;  C  42.41;  H  6.83. 

(C*HuO)j.' ZnCl*.  Calculated  °lo'.  Cl  21.10;  Zn  19.48;  C  42.85;  H  7.14. 

II.  Alkylation,  Acylation  and  Esterification  with  Coordination  Compounds  of  Zinc 
Chloride. 

1.  Synthesis  of  ethyl  acetate.  We  used  40  g  of  CHjCOOH  (glacial) ,  40  g  of  C2H5OH  and  20  ml  of  [CjHsO* 

*  ZnCl^jH.  The  reaction  was  carried  out  in  a  round-bottomed  flask  connected  to  a  straight  condenser.  The  catalyst 
was  heated  to  130-140*  and  then  a  mixture  of  the  acetic  acid  and  the  alcohol  was  slowly  added  from  a  dropping 
funnel.  Appropriate  processing  of  the  reaction  product  yielded  45  g  (73<7o)  of  ethyl  acetate  (b.p.  76-78*;  d|o  0.898). 

Similar  results  were  secured  when  the  reaction  was  carried  out  with  [C^H^O  *  ZnCl^jH. 

2.  Synthesis  of  an  acetal  from  butyraldehyde  and  ethyl  alcohol.  We  used  14.5  g  of  C4HgO,  30  g  of 

CtH|OH.  and  4  ml  of  [Ctl^O'ZnClfJH.  The  mixture  warmed  up  considerably  when  the  reagents  were  mixed  to-  i 

gether.  The  reaction  mass  was  allowed  to  stand  at  room  temperature  for  48  hours.  Then  it  was  heated  to  70-80* 

(water  bath)  for  another  12  hours.  Appropriate  processing  of  the  reaction  products  yielded  15  g  of  the  acetal  (52<7o). 
with  a  b.p.  of  141-142*  (725  mm);  dfj  0.8410  [7]. 

3.  Condensation  of  toluene  with  trimethylethylene.  We  used  25  ml  of  CrHg,  10  ml  of  trimethylethylene 
(b.p.  36-38*),  and  10  ml  of  [C|HfO*ZnClt]H,  heating  it  to  200-205*  in  a  bomb  for  10  hours.  This  yielded  4  g  (25<^) 
of  a  mixture  of  tertiary  amyltoluenes  plus  some  diamylene.  We  isolated  p-tert-amyltoluene  [8],  b.p.  204-206*  (725  • 
mm);  d|f  0.8654,  n^  1,4945.  The  b.p.  of  the  diamylene  was  152-154*. 

4.  Condensation  of  benzene  with  n-butyl  chloride.  We  used  27  ml  of  CgHg,  9.2  ml  (0.1  mole)  of  C4H11CI, 
and  4  ml  of  [CgHgO  *  ZnCIglH.  The  reagent  mixture  was  heated  to  80-65*  for  10  hours,  with  vigorous  stirring,  in  a 
round-bottomed  flask  connected  to  a  reflux  condenser.  This  yielded  3  g  (22.5^)  of  butylbenzene.  Fractionation  of 
the  crude  product  yielded  sec-butylbenzene  [9]; 

B.p.  170-172*;  dfS  0.8625;  ng  1.4915;  MRq  45.56;  calculated  45.70. 

The  results  were  negative  when  the  reaction  was  carried  out  under  similar  conditions  with  ZnClg,  CdClg, 
or  MgClf  present.  Perfcvming  the  reaction  at  180-190*  in  the  presence  of  ^nCl|*OH]H  resulted  in  the  formation 
butyltoluenes,  the  yields  being  as  high  as  55^0. 

5.  Condensation  of  toluene  with  benzoyl  chloride.  We  used  14  g  (0.2  mole)  of  C«I^COCl,  20  ml  of  C^Hg, 
and  4  ml  of  [CgHgO-ZnClglH.  When  the  catalyst  was  added  to  a  mixture  of  toluene  and  benzoyl  chloride,  the  mass 
warmed  up  considerably,  HCl  being  evolved.  Then  the  reagent  mixture  was  refluxed  at  75-80*,  with  stirring,  for 
8  hours  from  a  round-bottomed  flask.  This  yielded  5  g  (25.&7o)  of  4^ethylbenzophenone  [9]:  ciystals  with  an  m.p. 
of  53-54*;  oxime  m.p.  153-154*. 

Negative  results  were  obtained  when  this  reaction  was  performed  under  similar  conditions  with  ZnClg  pres¬ 
ent.  When  the  reaction  was  carried  out  with  the  crystalline  substance  with  the  composition  of  (CgHuO)g  *  ZnClg, 
we  again  secured  4^ethylbenzophenone.  The  use  of  concentrated  alcoholic  solutions  of  CaClg  as  a  catalyst 
did  not  yield  the  desired  results. 


SUMMARY 

1.  Molecular  compounds  of  methyl,  ethyl,  n-propyl,  isopropyl,  n-butyl,  isobutyl,  and  isoamyl  alcohols 
and  of  ethylene  glycol  with  ZnClg  have  been  prepared.  The  compositions  of  these  compounds  correspond  to 
the  formula  ROH  •  ZnClg;  cyclohexanol  yields  a  compound  of  the  (CgHi20)g  •  ZnClg  type. 
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2.  A  study  of  the  properties  of  the  synthesized  molecular  compounds  of  ZnClf  with  alcohols  has  served  to 
indicate  the  mechanism  of  alkylation  with  ZnClf ;  the  catalytic  properties  of  molecular  compounds  of  ZnClf  have 
been  studied. 
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PHYSICOCHEMICAL  RESEARCH  ON  THE  REACTION 


OF  TITANIUM  TETRACHLORIDE  WITH  ISOAMYL  ACETATE 


O.  A.  Osipov  and  V.  Suchkov 


The  researches  of  N.  S.  Kurnakov  and  his  associates  [1,  2],  on  the  systems  produced  by  stannic  chloride  and 
bromide  with  esters  of  monobasic  acids  point  to  the  existence  in  the  liquid  phase  of  compounds  of  the  general  type: 
SnHal4*2E,  where  E  denotes  a  molecule  of  an  ester  of  a  monobasic  acid. 

As  the  molecular  weight  of  the  acid  is  raised,  the  heat  evolved  in  the  reaction  of  stannic  chloride  with  the 
ester  drops,  which  is  reflected  in  the  nature  of  the  viscosity  diagram. 

We  were  interested  in  making  a  study  of  the  behavior  of  titanium  chloride  with  esters  of  monobasic  acids 
and  comparing  the  results  obtained  with  the  findings  for  stannic  chloride.  The  present  paper  sets  forth  the  results 
of  an  investigation  of  the  viscosity,  density,  and  conductance  of  the  system  formed  by  titanium  chloride  and  iso¬ 
amyl  acetate. 

Reagents  and  experimental  procedure.  The  titanium  chloride  (c.p.)  was  not  especially  purified  and  was 
stored  in  sealed  test  tubes.  The  Isoamyl  acetate  was  dried  for  a  long  time  over  calcium  chloride  and  then  dis¬ 
tilled,  the  fraction  boiling  at  142-143“;  d^^  0.8752;  njJ  1.4014  being  used  in  out  research.  In  every  Instance 
the  solution  concentration  is  expressed  in  molar  per  cent. 

Since  considerable  heat  was  evolved  when  the  components  were  mixed,  the  solutions  were  prepared  in 
double-elbow  vessels  with  ground-glass  stoppers.  Each  component  was  poured  into  a  separate  elbow,  after  which 
they  were  gradually  mixed  together  with  constant  chilling.  Only  when  the  foregoing  precautions  were  taken  could 
we  prevent  an  explosion  and  obtain  transpareit  mixtures. 

The  solutions  were  kept  for  a  few  hours  at  a  temperature  5-10*  above  the  melting  point  of  the  resultant 
solid  products,  in  order  to  complete  the  reaction  and  secure  equilibrium  systems. 

Viscosity  was  measured  in  a  viscosimeter  of  the  closed  type.  To  prevent  the  entrance  of  moisture  during 
the  filling  of  the  viscosimeter  bulb,  the  latter  was  connected  by  rubber  tubing  and  a  threeway  stopcock  to  one  of 
two  communicating  vessels,  which  contained  mercury,  the  level  of  which  changed  as  the  other  vessel  was  raised 
or  lowered ,  thus  producing  the  rarefaction  required  to  draw  the  solution  into  the  bulb  of  the  viscosimeter. 

Conductance  was  measured  by  Kohlrausch  method.  Current  was  supplied  by  an  audio -frequency  generator, 
with  a  drum  bridge  serving  as  the  slide  wire.  A  vessel  with  a  tightly  fitting  polished  cover  was  used  in  the  meas¬ 
urements. 

Density  was  measured  in  a  5-8  ml  pyknometer.  The  temperature  of  the  liquid  under  test  was  kept  con¬ 
stant  within +0.1“  by  means  of  an  oil  thermostat. 

The  density,  viscosity,  and  conductance  were  measured  at  60*  and  70*.  These  temperature  limits  were 
fixed,  on  the  one  hand,  by  the  fairly  rapid  formation  of  crystals  below  60*  and  by  the  circumstance,  on  the  other 
hand,  that  the  melt  began  to  resinify  partially  at  any  temperature  above  70*. 

Results  of  measurement.  The  figures  for  the  viscosity  of  the  system  are  given  in  Table  1  and  Fig.  1.  As 
we  see,  the  viscosity  isotherms  all  pass  through  distinct  maxima,  corresponding  to  equimolar  proportions  of  the 
components.  Hence,  a  compound  with  the  composition  of  TiCl4*CH5COOC5Hji  is  formed  within  the  system. 

The  viscosity  isotherms  indicate  that  our  system  approaches  a  rational  one. 

At  60*  the  viscosity  at  the  maximum  is  72.5  times  as  great  as  that  of  the  more  viscous  component.  The 


TABLE  1 

Viscosity  of  the  Titanium  Chloride  — Isoamyl  Acetate  System 


Solu¬ 

tion 

No. 

Mol.  % 
of 
TiCl4 

Viscosity, 

centipoises  | 

Relative  tempera¬ 
ture 

coefficient 

60* 

O 

e 

1 

0.00 

0.54 

0.49 

0.97 

2 

15.30 

1.38 

1.18 

1.56 

3 

31.30 

10.0 

7.87 

3.32 

4 

40.00 

22.05 

15.10 

3.74 

5 

45.30 

35.50 

18.82 

6.14 

6 

49.90 

44.28 

21.13 

7.08 

7  1 

55.40 

21.29 

11.41 

6.04 

8 

60.00 

11.50 

6.88 

5.05 

9 

63.70 

7.16 

4.62 

4.31 

10 

81.40 

1.37 

1.22 

1.16 

11 

100.00 

0.61 

0.57 

0.68 

viscosity  isotherms  diverge  widely  in  the  region  close  to  the 
1:1  component  ratio,  which  is  evidence  of  the  high  tempera¬ 
ture  coefficient  of  viscosity  at  these  concentrations. 

We  calculated  the  relative  temperature  coeffic¬ 
ient  from  the  following  formula; 

Hi  t{  -tj 

2 


Fig.  1. 

Viscosity  of  the  titanium  chloride-isoamyl 
acetate  system  and  its  temperature  coefficient. 
1)  ^70*5  2)  TJio*;  3)  7(0-70*. 


where  ti^and?^  are  the  numerical  values  of  the  viscosity  at  the  temperatures  tJ  and  tj. 

The  curve  of  the  relative  temperature  coefficient  reproduced  in  the  upper  part  of  Fig.  1,  has  a  shape  that  re¬ 
sembles  that  of  the  viscosity  isotherms  themselves,  i.e.,  it  passes  through  a  distinct  maximum,  corresponding  to  the 
formation  of  a  chemical  compound  within  the  system. 


TABLE  2 

Density  of  the  Titanium  Chloride  - 
Isoamyl  Acetate  System 


Solu¬ 

tion 

No. 

Mol. 

of 

TiCU 

Density 

60* 

70* 

1 

0.00 

0.8330 

0.8221 

2 

15.30 

0.9872 

0.9764 

3 

31.30 

1.1769 

1.1678 

4 

40.00 

1.2660 

1.2450 

6 

45.30 

1.3216 

1.3022 

6 

49. 90 

1.3654 

1.3429 

7 

66.40 

1.4020 

1.3822 

8 

60.00 

1.4282 

1.4006 

9 

63.70 

1.4490 

1.4313 

10 

81.40 

1.6466 

1.6320 

11 

100.00 

1.6628 

1.6339 

lut  column  of  Table  3  and  in  Fig.  3. 


The  density  is  given  as  a  function  of  the  composition  in  Table  2  and 
represented  graphically  in  Fig.  2.  The  density  isotherms  of  the  system  con¬ 
sist  of  two  nearly  linear  branches,  which  meet  at  a  point  that  represented 
50  mol.  of  each  component.  Such  a  shape  of  the  isotherm  of  this  property, 
which  is  usually  much  less  distinct,  is  evidence  of  pronounced  chemical 
action  between  the  titanium  chloride  and  the  Isoamyl  acetate.  The  positive 
declination  of  the  density  isotherms  from  the  additive  straight  lines  for  the 
60  mol.  ^  solution  was  Q.Qf^o  at  60*  and  9,4Plo  at  70*. 

The  results  of  our  measurements  of  the  system's  conductance  are  given  in 
Table  3,  and  Fig.  3. 

The  conductance  isotherms  exhibit  two  maxima  and  a  distinct  mini¬ 
mum,  occurring  at  50  mol.  <7o  of  tlunlum  chloride.  In  conformity  with  the 
M.  A.  Klochko  classification  [3],  the  Isotherm  of  this  system  should  be 
assigned  to  the  Vllth  type  of  conductance  diagrams.  The  fifth  column  of 
Table  3  gives  the  results  of  out  calculations  of  the  relative  temperature 
coefficient  of  conductance,  these  figures  being  used  in  plotting  the  curve 
(top  curve  in  Fig.  3),  which  pawes  through  a  maximum  at  the  composi  tion 
of  the  compound.  If  we  eliminate  the  effect  of  viscosity  upon  conductance 
by  the  simplest  formula,  X^ond.  *  X '  n.  we  get  the  figures  given  in  the 
As  we  see,  the  curve  of  the  derived  conductance  also  exhibits  a  maximuin, 


evidence  of  pronounced  chemical  action  between  the  components, 


The  dau  we  secured  in  our  investigations  of  the  viscosity,  density,  and  conductance  of  the  titanium 
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Density  of  the  Titanium  chloride—  isoamyl  acetate  system 

_ _ 1)  ^70*;  2)  d^*. _  _ _ 

chlorlde-isoamyl  acetate  system  lead  us  to  conclude  that 
the  compound  TiCl4‘ GHjCOOCgHn  is  formed  within  the 
system,  a  compound  that  is  hardly  dissociated  at  all  in 
the  liquid  phase.  Hence,  we  may  say  that  our  system  is 
close  to  a  rational  one  as  far  as  interaction  is  concerned. 


Fig.  3.  Sp>eclfic  conductance  of  the  titanium  chlor¬ 
ide  !—  Isoamyl  acetate  system,  its  temperature 
coefficient,  and  its  derived  conductance. 

2)  xti*;  3)xti:  . . . 

gives  rise  to  the  comparatively  large  radical  C5H11. 


As  our  experimenul  data  Indicate,  titanium  chlor¬ 
ide  forms  a  molecular  compound  with  only  one  molecule 
of  isoamyl  acetate,  but  not  with  two  molecules  as  is 
the  case  with  stannic  chloride.  We  assume  that  this 
fact  may  be  attributed  to  steric  ^drances,  since  the 

tetrahedral  covalent  radius  of  Ti  (1.28  A)  is  smaller 
TV  *  '  ^ 

than  that  of  Sm’  (1.40  A).  This  steric  hindrance  apparently 


TABLE  3 

Conductance  of  the  Titanium  Chloride-Isoamyl  Acetate  System 


Solu¬ 

tion 

No. 

Mol.  ojo 
of 

TiCl4 

Specific  conductance, 
X-10* 

Relative  tem¬ 
perature  coef- 
'  ficient,  a*  10® 

Derived  con¬ 
ductance, 

X70*  *  10* 

60* 

70* 

1 

0.00 

0.00 

0.00 

_ 

_ 

2 

16.30 

0.70 

0.83 

2.12 

1.03 

3 

31.30 

1.57 

2.13 

3.03 

16.76 

4 

40.0 

1.96 

2.72 

3.30 

41.10 

5 

45.30 

2.03 

2.99 

3.82 

56.28 

6 

49.90 

1.67 

2.77 

4.96 

58.53 

7 

55.40 

-2.14 

3.33 

4.35 

37.99 

8 

60.0 

2.30 

3.51 

4.25 

24.15 

9 

63.70 

2.25 

3.47 

4.27 

16.03 

10 

81.40 

0.18 

0.28 

4.30 

0.34 

11 

[100.00 

0.00 

0.00 

- 

- 

As  a  matter  of  fact,  two  types  of 
compounds:  TiCl4*(C|Hg)|0  and  TiC]|  ■ 
’2(CtH()sO,  are  known  [4]  for  ethers. 

It  is  highly  likely  that  titanium 
chloride,  like  SnC]4,  forms  molecular 
compounds  of  the  TiCl4*2E  type  with 
esters  of  monobasic  acids  and  the 
simplest  alcohols. 

SUMMARY 

1.  The  viscosity,  density,  and  con¬ 
ductance  of  the  titanium  chloride-^isoamyl 
acetate  system  have  been  studied  at  60  and 
70*. 


2.  It  has  been  shown  that  a  compound, 
TiCl4*Cl^C)CX::5Hu,  which  is  hardly  dis¬ 
sociated  at  all  in  the  liquid  phase,  is  formed 
in  the  system. 


3.  The  relative  temperature  coefficients  of  viscosity  and  conductance  and  the  derived  conductance  have 
been  computed. 
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4.  An  attempt  is  made  to  explain  the  formation  of  a  compound  with  equimolar  proportions  of  the  compon' 
ents  titanium  chloride  and  isoamyl  acetate. 
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THE  REACTIVITY  OF  DIMETHYLMERCURY 

M.  M.  Koton 


Dimethylmercury  has  been  known  for  a  long  time;  it  was  first  synthesized  in  1858  [1],  but  not  much  research 
has  been  done  on  its  reactions  or  its  properties  because  of  its  extraordinary  toxicity. 

We  have  shown  that  dimethyl  mercury  is  a  stable  compound,  decomposing  only  very  slightly,  yielding  met¬ 
allic  mercury  (up  to  l<7o  of  metallic  mercury)  when  heated  in  a  solution  of  alcohol  and  pyrogallol  to  130*  for  6-10 
hours.  Only  when  a  catalyst  is  present  (metallic  gold)  does  the  decomposition  of  dimethyl  mercury  rise  as  high  as 
lOJfc  after  10  hours  of  heating  to  130*.  Diphenylmercury  and  dinaphthylmercury  decompose  75-100<5b  under  these 
same  conditions  [2]. 

We  then  made  a  study  of  the  reactions  of  dimethylmercury  with  the  phenols  at  130*,  showing  that  the  prin¬ 
cipal  products  were  monomercurated  derivatives  of  the  CH|HgCfH|(OH)R  type.  The  general  equation  for  the  reac¬ 
tion  of  dimethylmercury  with  the  phenols  may  be  written  as  follows? 

(CH,),Hg  +  RC,HpH  CH4  +  CH,HgC«H^OH)R. 

Resorcinol  produced  dimercurated  derivatives  when  reacted  with  dimethylmercury.  Pronounced  urring 
occurs  with  pyrogallol,  pyrocatechinol,  and  hydroquinone,  meullic  mercury  separating  out.  When  dimethylmer¬ 
cury  is  reacted  with  organic  acids  at  130*,  we  get  colorless  crystalline  substances,  with  the  general  formula  of 
RCOOHgCH|,  methane  being  evolved  in  accordance  with  the  following  equation? 

(CH3),Hg  ■¥  RCOOH  CH4  +  RCCXJHgCHj. 

Dimethylmercury  reacts  with  phthalic  acid  to  form  a  dimercurated  derivative  C(H4(COOHgCH3)|. 

EXPERIMENTAL 

I.  SynJiesis  of  dimethylmercury.  The  dimethylmercury  was  prepared  by  the  Wilde  method  [3]  as  follows? 
7.5  kg  of  0.4f^  sodium  amalgam  was  placed  in  a  tubular  thick-walled  flask,  and  a  mixture  of  80.0  g  of  methyl 
iodide  and  10.0  g  of  ethyl  acetate  was  poured  in  through  an  externally  chilled  reflux  condenser,  an  energetic 
reaction  taking  place.  The  next  day  water  was  added,  and  the  liquid  was  separated  from  the  mercury,  thoroughly 
washed  with  water,  an  alkali  solution,  and  again  with  water,  dried  and  fractionated.  The  dimethylmercury  yield 
is  The  dimethylmercury  had  a  b.p.  of  91-93*  and  a  d  3.064. 

0.0892  g  substance?  7.74  ml  0.1  N  NH/:NS.  Found  Hg  86.77.  (CH,),Hg.  Calculated  <5l>?  Hg  87.00. 

All  the  experiments  made  in  our  investigation  of  the  reactivity  of  dimethylmercury  were  performed  by 
heating  a  mixture  of  the  reagents  in  sealed  glass  ampoules  in  a  thermostat  equipped  with  precise  temperature 
control. 


II.  Reaction  of  dimethylmercury  with  phenols.  In  every  instance  the  ampoules  were  opened  with  an  ex¬ 
plosion  after  the  reagent  mixmre  was  heated  to  130*  for  3  hours,  a  combustible  gas  (methane)  being  evolved. 

1)  Dimethylmercury  and  p-nitrophenol.  0.3  gram  of  p-nitrophenol  was  used  for  0.5  g  of  dimethylmercury. 
The  reaction  mass  was  yellow  in  color.  Processing  with  alcohol  yielded  0.35  g  of  yellow  aciculat  crystals  with  an 
m.p.  of  169-170*. 

0.0588  g  substance?  3.32  ml  0.1  N  NH4CNS.  Found  <5b?  Hg  56.46.  CH,HgC«H,(OH)NO^. 

Calculated  Hg  56.62. 

The  synthesized  compound  is  readily  cleaved  by  an  alcoholic  solution  of  HCl;  at  -10*  it  forms  p-nitrophenol 
and  methylmercury  chloride  with  an  m.p.  of  169-170*  (mixed  melting  point  170*).  The  m.p.  of  the  p-nitrophenol 
was  112-113*  after  recrystallization,  its  mixed  melting  point  being  113-114*  (the  literature  cites  114*). 


1181 


Processing  the  synthesized  compound  with  a  solution  of  bromine  in  potassium  bromide  cleaved  it,  yielding 
3-bromo-4-nitrophenol.  with  an  m.p.  of  128-129*  (the  literature  cites  129-130*  [4]). 


The  synthesized  monomercurated  derivative  of  dlJnethylmercury  and  p-nitrophenol  is,  therefore,  3-methyl- 
mercury-4-nitro-l-hydroxybenzene: 


2)  Dlmethylmercury  and  o-nitrophenol.  No  reaction  took  place  within  3  hours  at  130*. 

3)  Dimethylmercury  and  2.4,6-trinitrophenol.  0.5  gram  of  trinltrophenol  used  for  0.5  g  of  dlmethylmercury. 
The  reaction  mass  yielded  0.42  g  of  yellow  acicular  crystals,  with  an  m.p.  of  125-127*,  freely  soluble  in  alcohol 
and  in  ether. 

0.0860  g  subsunce:  3.89  ml  0.1  N  NH^NS.  Found  Hg  45.23.  Cl^HgC«H(OHXNOi),. 

Calculated  Hg  45.40. 

4)  Dimethylmercury  and  2,4-dichlorophenol.  0.3  gram  of  dichlorophenol  used  for  0.5  g  of  dimethyl- 
mercury.  The  reaction  mass  was  white.  Recrystallization  from  alcohol  yielded  0.4  g  of  white  acicular  crystals 
with  an  m.p.  of  123-125*. 

0.0520  g  subsuncer  11.10  ml  0.05  N  NajS^O}.  Found  Hg  53.36.  CH3HgC^^OH)Cls- 

Calculated  Hg  53.12. 

5)  Dimethylmexcury  aiKi  2,4,6-trichlorophenol.  0.4  gram  of  trichlorophenol  was  used  for  0.5  g  of  dimethyl- 
mercury.  The  reaction  mass  was  white.  Recrystallization  from  alcohol  yielded  0.38  g  of  white  acicular  crystals 
with  an  m.p.  of  120*. 

0.0494  g  substance;  9.52  ml  0.05  N  NaiSgOj.  Found  Hg  48.18.  CH}HgC^OH}Clf. 

Calculated  Hg  48.68. 

The  compound  it  readily  cleaved  by  the  action  of  an  alcoholic  solution  of  HCl,  yielding  methylmercury 
chloride  with  an  m.p.  of  169-170*  and  2,4,6-ttichlorophenol  with  an  m.p.  of  66-€7*,  its  mixed  melting  point 
being  67*. 

6)  Dimethylmercury  and  resorcinol.  0.25  gram  of  resorcinol  was  used  for  0.5  g  of  dimethylmercury. 

The  reaction  mass  was  red.  Processing  with  organic  solvenu  left  as  a  residue  a  pink  crystalline  powder  (0.35  g) 
with  an  m.p.  of  2004202*  with  decomposition. 

0.0546  g  substance;  4.05  ml  0.1  N  NH4pNS.  Found  Hg  74.17  (CHgHg)xC«Ht(OH)|. 

Calculated  Hg  74.27. 

ni.  Reaction  of  dimethylmetcury  with  organic  acids.  In  every  instance  the  reagent  mixture  was  heated 
to  130*  for  3  hours,  after  which  die  ampoules  were  opened,  an  explosion  taking  place,  and  a  combustible  gas 
being  given  o^  (methane).  0.0025  mole  of  acid  was  used  per  0.003  mole  of  dimethylmercury. 

1)  Dimethylmercury  and  acetic  acid.  A  transparent  liquid,  which  forms,  a  transparent  oil  at  the  bottom 
of  the  vessel  when  poured  into  water,  the  oil  slowly  crystallizing  upon  sunding.  White  acicular  crystals  with  an 
m.p.  of  126-128*.  The  yield  was  4&^  of  the  theoretical. 

0.0812  g  subsunce;  5.90  ml  0.1  N  NH^NS.  Found  Hg  72.66.  CH^OOHgCHj.  Calculated  Hg  72.72. 

2)  Dimethylmetcury  and  propionic  acid.  A  transparent  liquid  that  slowly  crystallized  when  poured  into 
water.  White  crystals  with  an  m.p.  of  67-68*.  40<^  of  the  theoretical  yield. 

0.0554  g  subsunce;  3.84  ml  0.1  N  NH^NS.  Found  ‘Jh:  Hg  69.31.  Cjl%COOHgCH,. 

Calculated  •JIk  Hg  69.50. 
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3)  Dimethylmercury  and  isovaleric  acid.  A  transparent  liquid  that  slowly  crystallized  when  poured  into 
water.  White  acicular  crystals  widi  an  m.p.  of  58-59*.  33%  of  the  theoretical  yield. 

0.0954  g  substance:  5.99  ml  0.1  N.  NH.^NS.  Found  %:  Hg  62.78.  C4H^OOHgCH,. 

Calculated  %:  Hg  63.36. 

4)  Dimethylmercury  and  stearic  acid.  A  white  crystalline  mass  that  dissolves  readily  in  organic  solvents. 
Recrystallization  fifombenzene  and  then  from  alcohol  yielded  crysuls  with  an  m.p.  of  80-81*.  72%  of  the  theoretical 
yield. 

0.0566  g  substance:  2.27  mL  0.1  N  NH^iCNS.  Found  %:  Hg  40.10.  Ci^«COOHgCH,. 

Calculated  %r  Hg  40.23. 

5)  Dimediylmercury  and  benzoic  acid.  A  white  crystalline  mass.  Recrystallization  from  alcohol  yielded 
crystals  with  an  m.p.  of  106-107*.  60%  of  the  theoretical  yield. 

0.1060  g  substance:  6.29  ml.  0.1  N  NI^iCNS.  Found  %:  Hg  59.34.  C^HsCOOHgCH,. 

Calculated  %:  Hg  59.59. 

6)  Dlmethylmercuty  and  salicylic  acid.  White  crystalline  mass.  Recrystallization  from  alcohol  yielded 
crystals  with  an  m.p.  of  113-114*.  70%  of  the  theoretical  yield. 

0.1120  g  substance:  6.34  ml  0.1  N-  NH^NS.  Found  %;  Hg  56.60.  C«H4(OH)COOHgCHj. 

Calculated  %r  Hg  56.89. 

7)  Dimethylmercury  and  phthalic  acid.  White  crystalline  mass.  Recrystallization  from  .alcohol  yielded 
crysuls  with  an  m.p.  of  223-224*  with  decomposition. 

0.1024  g  substance:  6.88  ml  0.1  N  NliiiCNS.  Found  %:  Hg  67.18.  CtH^CCXlHgCHs)^. 

Calculated  %:  Hg  67.40. 

IV.  Decomposition  of  dimethylmercury.  Experiment  1.  Dimethylmercury  (0.3  g),  pyrogallol  (0.2  g), 
alcohol  (3  ml),  130*,  6  hours.  1.1%  of  metallic  mercury  was  found  after  heating  was  over. 

Experiment  2.  Dimethylmercury  (0.3  g),  alcohol  (3  ml),  150*,  6  hours.  No  decomposition. 

Experiment  3.  Dimethylmercury  (0.3  g),  gold  (0.2  g),  alcohol  (3  ml),  130*,  10  hours.  10.1%  of  metallic 
mercury  was  found  after  heating  was  over. 

SUMMARY 

1.  When  dimethylmercury  is  reacted  with  phenols,  the  principal  products  are  monomercurated  derviatives 
with  the  following  general  formula:  CH3HgCeHs(OH)R. 

2.  When  dimethylmercury  is  reacted  with  organic  acids,  crystalline  compounds  with  the  following 
general  formula,  RCOOHgCHj,  are  produced. 
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THE  REACTION  OF  DIPHENYLMERCURY  WITH  ESTERS 


M.  M.  Koton  and  T.  M.  Kiseleva 

In  the  study  of  the  reactivity  of  organometallic  compounds  no  work  at  all  has  been  done  on  their  reac¬ 
tion  with  esters.  In  the  course  of  our  systematic  investigation  of  the  reactions  of  aromatic  compounds  of  mercury 
and  other  metals,  we  made  a  study  of  the  reaction  of  diphenylmercury  with  12  esters.  We  found  that  diphenyl- 
mercury  reacts  with  esters  when  heated  to  ISO*  for  6-9  hours,  giving  rise  to  derivatives  whose  general  formula  is 
RCOOHgC^.  Thus,  the  reaction  of  diphenylmercury  with  methyl  acetate  yields  toluene  and  phenylmercury 
acetate,  as  follows; 


(C^),Hg  +  CHjCOOCH,  CgHjCH,  +  CeHsHgOCOCH,. 

When  diphenylmercury  is  reacted  with  propyl  and  butyl  formate,  a  high  percentage  of  metallic  mercury 
(65-68^)  is  evolved,  due  to  the  decomposition  of  the  phenylmercury  formate  produced  during  the  reaction. 

Metallic  mercury  is  precipitated  and  RCOOHgC^  is  produced  when  diphenylmercury  is  reacted  with  ethyl 
acetate,  butyl  butyrate,  and  benzyl  benzoate. 

It  should  be  said  that  butyrates  react  most  readily  with  diphenylmercury,  while  of  the  other  RCOOR'  esters, 
those  that  have  a  methyl  group  as  the  R*  radical  are  most  reactive. 

When  we  compare  the  reaction  of  dii^enyimercury  with  esters  and  organic  acids,  we  see  that  although 
diphenylmercury  reacts  very  easily  and  smoothly  (at  100”)  with  organic  acids,  producing  a  quantitative  yield 
of  HCOOHgC^HB,  reaction  of  diidienylmercury  with  esters  is  much  harder  (at  150*),  metallic  mercury  being 
produced  in  several  instances  alongside  the  RCOOHgC^. 

EXPERIMENTAL 

All  our  experiments  were  performed  by  heating  a  mixture  of  the  reagents  in  sealed  glass  ampoules  iimnersed 
in  a  thermostat  provided  with  accurate  temperature  regulation.  1.5  nil  of  the  ester  was  used  for  0.5  g  of  the  diphenyl¬ 
mercury.  The  temperature  was  150*,  and  the  run  lasted  6  hours  (see  table). 

1.  Diphenylmercury  and  methyl  acetate.  9  ml  of  methyl  acetate  to  2.0  g  of  diphenylmercury,.  150*, 

9  hours.  Toluene  was  formed,  together  with  1.08  g  of  a  crystalline  precipitate  of  phenyl-mercury  aceuiewith 
an  m.p.  of  146-148*. 

0.1118  gsubstance;  6.72  ml  0.1  N  NH^NS.  Found  ‘jt;  Hg  60.11.  CgI%HgOCOCH,.  Calculated  Hg  59.60. 

2.  Diidienylmercury  and  propyl  butyrate.  3  ml  of  propyl  butyrate  to  1.0  g  of  di.phenylmercury,  150*,  9  hours. 

This  yielded  0.5  g  of  phenylmercury  butyrate  with  an  m.p.  of  90-92*  (91*  given  in  the  literature). 

0.05  g  substance;  2.74  ml  0.1  N  NH^jCNS.  Found  Hg  54.80.  C^HgOCOC^Hf.  Calculated  <5^;  Hg  55.02. 

Processing  with  alcoholic  HCl  yielded  butyric  acid  and  phenylmercury  chloride  with  an  m.p.  of  250-251* 
(mixed  melting  point;  250*). 


SUMMARY 

1.  A  study  has  been  made  of  the  reaction  between  diphenylmercury  and  esters. 

2.  It  has  been  shown  that  at  150*  diphenylmercury  enters  into  reaction  with  esters,  giving  rise  to  the 
respective  derivatives  whose  formulas  are  RCOOHgCgl^. 

3.  In  some  instances  metallic  mercury  is  precipitated  in  addition  to  the  formation  of  the  RCOOHgC^ 

compounds. _ 

M.  Koton,  J.  Gen.  Chem.  9,  912  (1939). 
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REACTION  OF  DIPHENTLMERCURY  WITH  ESTERS 


Quantity 

No. 

Ester 

Q^IsHgOCOR  produced 

1  <5t)  metallic  mer  - 

Remarks 

Grams 

Per  cent 

cury  precipitated 

1 

Methyl  acetate 

0.22 

46.3 

0 

2 

Ethyl  acetate 

0.10 

21.8 

11.3 

3 

Propyl  acetate 

0 

0 

0 

The  diphenyl- 
mercury  did  no 

react 

4 

Butyl  acetate 

0 

0 

0 

Ditto 

5 

Ethyl  benzoate 

0 

0 

0 

Ditto 

6 

Benzyl  benzoate 

0 

0 

1.4 

Tar 

7 

Propyl  formate 

0 

0 

64.9 

8 

Butyl  formate 

0 

0 

68.3 

9 

Methyl  butyrate 

0.27 

52.5 

- 

10 

Ethyl  butyrate 

0.15 

29.2 

- 

11 

Butyl  butyrate 

0.20 

38.9 

6.9 

Received  December  3.  1950 
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RESEARCH  ON  THE  COMPARATIVE  HYDROGENATION 


AND  OXIDATION  OF  OCTADECENIC  ACIDS 

G.  V.  Pigulevsky  and  P.  A.  Artamonov 


In  our  preceding  report  [1]  we  pointed  out  that  the  hydrogenation  rate  depends  upon  the  position  of  the 
double  bond  in  the  chain.  Octadecen-R-acid  -l  is  hydrogenated  most  slowly.  Hydrogenation  is  speeded  up  as  the 
double  bond  is  shifted,  the  highest  rate  of  hydrogenation  being  displayed  by  octadecen-9-acid-l  (oleic  acid). 

In  the  present  research  we  have  dealt  with  the  problem  of  the  influence  of  cis-tram  isomerism  upon  the  hydro¬ 
genation  rate,  then  turning  to  examination  of  the  comparative  oxidation  of  octadecenic  aicids  by  benzoyl  hydrogen 
peroxide. 

Comparative  hydrogenation  of  pettosellnic  acid  (cis-octadecen-6-acid-l)  and  petroselaidic  acid  (trans- 
octadecen-6^cid-l).  It  is  stated  in  the  literature  that  the  cis  form  is  hydrogenated  more  rapidly  than  the  trans 
form.  This  is  especially  tme  of  oleic  and  elaidic  acids  [5].  Later  research  (Plisov  and  Golendeev  [2])  on  esters 
of  oleic  and  elaidic  acids  yielded  similar  results.  These  findings  together  with  X-ray  and  spectroscopic  investi¬ 
gations  [3]  settled  the  question  of  the  cis  form  of  oleic  acid.  We  still  have  no  spectroscopic  research  results 
on  petroselinic  or  petroselaidic  acid.  Our  conviction  that  petroselinic  acid  has  the  cb  form  is  not  supported  by 
enough  experimental  evidence.  A  comparative  study  of  the  rates  of  hydrogenation  of  these  acids  should  clear 
up  this  problem. 

Our  research  was  done  with  petroselinic  acid,  secured  from  oil  of  coriander.  The  acid  had  an  m.p.  of  33*. 
ar.  iodine  number  of  87.9,  an  of  1.4415,  and  a  neutralization  number  of  198.5.  The  petroselaidic  acid  was  pre¬ 
pared  by  treating  the  lead  salt  of  petroselmic  acid  with  lO^Jb  nitric  acid.  The  acid  had  an  m.p.  of  53*.  an  iodine 
number  of  87.3,  an  n*  of  1.4395  and  a  neutralization  number  of  197.9. 

The  ccxnparative  hydrogenation  conditions  were  the  same  as  those  used  in  the  preceding  paper.  Hydro¬ 
genation  was  carried  out  simultaneously  in  the  same  agitation  apparatus.  The  catalyst  used  was  Willstatter  plati¬ 
num  black.  1  gram  of  the  acid,  30  ml  of  the  solvent  and  0.1  g  of  platinum  black  were  placed  in  the  "duck". 

We  ran  the  tests  with  various  solvents  in  order  to  secure  clear  results. 

The  first  experiment  was  mn  with  diethyl  ether  as  a  solvent.  The  hydrogenation  results  are  given  in  Table  1. 
The  figures  cited  (Table  1)  indicate  that  petroselinic  acid  is  hydrogenated  more  rapidly  than  the  trans  form, though 
the  difference  in  the  oxidation  rates  is  slight.  The  hydrogenation  reaction  is  not  a  first-order  equation.  The  acid  con¬ 
stant  computed  from  this  equation  rises  uninterruptedly.  The  results  secured  when  hydrogenation  was  performed  in 
chloroform  were  similar  (Table  2).  The  results  of  our  research  on  the  hydrogenation  of  petroselinic  and  petroselaidic 
acids  enable  us  to  reach  a  conclusion  concerning  the  cis  form  of  petroselinic  acid. 

Comparative  oxidation  of  octadecenic  acids  by  benzoyl  hydrogen  peroxide»^Prilezhaev  has  pointed  out  [4]  that 
ability  to  undergo  oxidation  is  governed  by  the  structure  of  the  organic  compounds.  For  example,  linanool,  a 
tertiary  alcohol  with  two  isolated  double  bonds,  can  yield  a  monooxide  and  dioxide.  Introducing  an  acetyl  group 
changes  the  oxidizability  of  the  molecule.  Oxidation  must  be  continued  for  two  months  to  oxidize  linalyl  acetate. 

This  problem  has  been  dealt  with  by  Boeseken  and  his  associates  and  by  Meerwein.  They  found  that  such  groups 
asCOOH,CgH5,  CN,  NOj,  and  CO  retard  the  oxidation  rate  when  they  are  located  in  the  proximity  of  the  double 
bond.  In  our  research  our  objective  was  shedding  light  on  the  influence  of  the  double  bond  in  octadecenic  acids 
upon  the  oxidation  rate.  The  experiments  were  performed  with  A***-,  cisA*’^,  trans- A*’^, and  cisA*’^  octadecenic 
acids  Oxidation  was  carried  out  under  identical  conditions  in  (^der  to  secure  comparable  results.  Diethyl  ether 
was  used  as  the  solvent.  We  used  0.5  g  of  the  acid  and  an  equimolar  quantity  of  benzoyl  hydrogen  peroxide  in 
every  test.  The  acid  concentration  In  the  ether  was  0.02975  mole  per  liter.  The  oxidation  reaction  kinetics  were 
checked  by  determining  the  unreacted  active  oxygen  left  in  the  reaction  mixture.  The  temperature  fluctuated 
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TABLE  1  TABLE  2 

Compaiative  Hydrogenation  in  Diethyl  Ether  Comparative  Hydrogenation  in  Chloroform 


Petroselinic  acid 

Petroselaidic  acid 

t 

V 

Av 

k 

t 

V 

Av 

.  k 

5 

28.0 

OO  A 

5.60 

5 

26.0 

01 

5.20 

10 

51.0 

1^1 

4.60 

10 

47.5 

^x*o 

1  A  o 

4.30 

15 

68.1 

X  i.X 

1  o 

3.42 

15 

63.8 

XD.O 

1  ^  A 

3.26 

20 

85 

XD.9 

3.38 

20 

89.2 

XO«4 

3.28 

Petroselinic  acid  ] 

Petroselaidic  acid 

t 

V 

Av 

mm 

t 

V 

1^1 

k 

5 

25.9 

5.18 

5 

24.0 

4.8 

20.5 

20.0 

10 

46.4 

4.1 

10 

44.0 

IK  A 

4.0 

15 

62.2 

lD«o 

16.0 

3.16 

15 

59.0 

Xu.  U 

15.3 

3.0 

20 

78.2 

3.2 

20 

74.3 

3.06 

TABLE  3  between  22.5  and  24*  during  the 

Comparative  Oxidation  of  Octadecenic  Acids  test.  The  constant  K  was  calculated 

t 

1  cis-A**^  1 

trans-A*'^  | 

- rffV -  XII  v.>uillV.fXiXXXXj  Vfxxaa  »  aw»w\/aa« 

Cli*^^***^ 

^  -  -  -  —  -  -  Ai^i«n^4An  »4mA  wac  rrlvAn  4n 

a-* 

K 

a-x 

f 

a-x 

K 

a-x 

^  X  XXllXb  l^waa  xaa 

0 

60 

240 

360 

480 

1147 

1927 

rapidly. 

0.02975 

0.02806 

0.02409 

0.02338 

0.02292 

0.02252 

0.02100 

.  its  consta 

0.033 

0.033 

0.025 

0.021 

0.009 

0.007 

nt  K  ap: 

0.02606 

0.01939 

0.01635 

0.01513 

0.00924 

0.00598 

preaching 

0.078 

0.074 

0.076 

0.067 

0.065 

0.069 

the  vail 

0.02108 

0.01934 

0.01748 

0.01247 

0.00949 

ue  of  the  c 

0.057 

0.052 

0.049 

0.040 

0.037 

onstant 

0.02575 

0.01955 

0.01631 

0.01513 

0.00923 

0.00598 

for  oleic 

—  parative  oxidation  ate  given  in 

0.087  Table  3. 

0.073  . 

As  the  double  bond  recedes 

0  077 

0  067  carboxyl  group,  its  effect 

65  oxidation  rate  diminishes. 

Cis- A*’'^-octaaecenic  acids  (petro- 
0  069  ^ 

selinic  acid)  is  oxidized  much  more 

acid  (A*'**-octadecenic  acid).  The  oxidation 

rate  of  de  trans  form  of  petroselinic  acid  is  perceptibly  lower  than  that  of  the  cis  form. 


SUMMARY 

Hydrogenation  of  petroselinic  and  petroselaidic  acids  indicates  that  peaoselinic  acid  is  hydrogenated 
faster  than  petroselaidic  acid.  This  circumstance  is  further  proof  that  petroselinic  acid  has  the  cis  form.  The  com* 
parative  oxidation  wldi  benzoyl  hydrogen  peroxide  of  octadecenic  acids  in  which  the  double  bond  is  located  differ¬ 
ently  in  the  chain  shows  that  the  K  constant  rises  as  the  double  bond's  distance  from  the  carboxyl  group  increases. 

The  trans  form  of  A*'^-octadecenic  acid  is  oxidized  more  slowly  than  the^^  form. 
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In  the  table,  2  denotes  time,  in  minutes;  v  the  volume  of  hydrogen  absorbed,  mm,  reduced  to  0*  and  760  mm; 
Av  the  number  of  milliliters  of  hydrogen  absorbed  since  the  previous  run;  and  k  the  quantity  of  hydrogen  absorbed 
per  minute.  Theoretically,  1  g  of  oleic  acid  absorbs  79.3  ml  of  hydrogen. 
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THE  ADDITION  OF  DIA LK YLPHOSPHOROUS  ACIDS  TO  UNSATURATED  COMPOUNDS 
VI.  THE  ADDITION  OF  DIALKYLPHOSPHOROUS  ACIDS  TO  ETHYL  CINNAMATE  AND  ETHYL  CROTONATE 


A.  N.  Pudovik 

As  has  been  shown  in  a  series  of  previous  papers  [1],  the  addition  reaction  of  dialkylphosphnious  acids  to 
elects'onophilic  unsaturated  compounds,  discovered  and  developed  by  us,  is  a  new,  quite  simple,  and  convenient 
method  for  synthesizing  various  derivatives  and  esters  of  phosphinic  acids.  The  dialkylphosphoious  acids,  which 
are  typical  nucieophiUc  reagents,  are  added  with  great  readiness  to  a,  B- unsaturated  nitriles,  aldehydes,  ketones, 
vinyl  esters  and  esters  of  carboxylic  acids  in  the  presence  of  alcoholates  of  the  alkali  metals. 

Except  in  the  case  of  the  unsatmated  aldehydes,  the  reactions  follow  this  pattern? 

(RO).POH  ♦  CH,=CH-R-  ^  (RO 

(where  R°  =  CN,  COR,  OCOR,  COOR,  and  others,  and  R  represents  alkyl  groups),  the  dialkylphosphono  group  being 
added  to  the  0  atom  of  the  double  bond.  We  have  used  this  method  to  synthesize  numerous  ketoi^osphinic  esters, 
cyanophosphinic  esters,  carboxyphosphinic  esters,  and  some  other  new  types  of  esters  of  phosphinic  acids  [2].  The 
dialkylphosphorous  acids  are  added  to  unsaturated  aldehydes  at  the  carbonyl  group,  yielding  unsaturated  esters  of 
hydroxy  phosphinic  acids. 

Up  to  the  present  time  only  two  of  the  esters  of  a,  6-unsaturated  carboxylic  acids— methyl  acrylate  and 
methyl  methacrylate— have  been  utilized  in  research  into  these  reactions.  It  was  found  that  addition  to  the  acrylate 
takes  place  much  more  vigorously,  requiring  a  smaller  quantity  of  the  alkali  metal  alcoholate  for  its  completion 
than  the  methacrylate  does.  In  the  present  paper  we  report  on  tests  of  adding  dialkylphosphorous  acids  to  ethyl  cln- 
namate  and  ethyl  crotonate  with  the  objective  of  further,  more  detailed  and  more  profound  study  of  this  last  type 
of  reaction,  and,  more  especially,  ascertaining  how  the  nature  and  the  quantity  of  the  substituent  groups  affects 
the  feasibility  and  nature  of  the  addition  reactions. 

The  reactions  were  carried  out  in  the  presence  of  alcoholates  of  the  alkali  metals,  using  the  procedure 
developed  by  us  i»,eviously  and  described  in  ouk  previous  papers, 

As  might  hnve  been  expected,  the  presence  of  a  substituent  radical,  especially  i^enyl,  at  the  0  carbon  atom 
of  the  ethylemc  bond  greatly  diminishes  its  eiectronoiAiilic  character,  thus  hampering  the  addition  reactions  of  the 
dial]kyli>ho.spborous  acids.  These  reactions  are  less  vigorous  than  with  methyl  acrylate,  and  require  the  addiuon  of 
more  alcoholate  to  the  reaction  mixture. 

We  added  dimethylphosphorous,  diethylphosphorous.  diisobutylphosphorous,  and  dlbutylphosirfiOTOus  acids 
to  the  ethyl  cmnamate.  The  constants  and  yields  of  the  resultant  ethyl  esters  of  the  0-dialkylphosphono-0-phenyl- 
proplonic  acids  are  given  in  Table  1. 

0 -Phosphono-0  “phenylpropionic  acid,  with  an  m.p.  of  204*,  was  secured  by  saponifying  the  triethyl  ester  of 
0-phosphono-0^heiiylpropiomc  acid. 

Similarly,  the  ethyl  esters  of  0 -diethylphosphono- and  0-dibutylirfiosidionobutyric  acids  were  secured  by 
adding  diethylphosphorous  and  dibutylihosphorous  acids  to  ethyl  crotonate  in  the  laresence  of  sodium  ethoxide. 

The  constants  and  yields  of  the  resultant  products  are  given  in  Table  2. 

0 “Fhosphonobutyric  acid  was  secured  as  a  white  crystalline  powder  with  an  m.p.  of  141-143*  by  saponify¬ 
ing  the  triethyl  ester  of  0 -phosphonobutyric  acid. 

The  mechanism  involved  in  the  addition  of  dialkylphosphorous  acids  to  ethyl  cmnamate  and  ethyl  croton¬ 
ate  may  be  represented  as  follows? 
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(RO)tPOH  *  RONa 


(RD]^.  +  RDH 


\ 


Na 


(RO)^  +  R*-C 


-CH*=CH-CCX>R' 


R*^-CH-CHNa-COOR" 


ONa 


CH-( 

^OR,. 

R’-CH-CH—i-OR"  R'-CH-CH,^OOR" 

XOR), 


+  (RD),^ 


TABLE  1 


No. 

Formula 

Boiling  point 

TT 

Yield.<7(i 

1 

0 

192*  (10  mm) 

1.5050 

1.1910 

85.6 

2 

(CtH^)Jl-CH(C4H*)  -CHj-COOCjH, 

h 

199-200  (11  mm) 

1.4917 

1.1226 

91.1 

3 

(iso  -C;4H^),P-CH(C,H,)CI%C00C|H8 
p 

224*225  (14  mm) 

1.4800 

1.0430 

79.0 

4 

(h  C4H/)),P-CH(C*H8)CH,C00C,H5 

231-232  (11  mm) 

1.4821 

1.0506 

81.7 

TABLE  2 


EXPERIMENTAL 

Addition  of  dl- 
methylphosphorous  acid 
to  ethyl  cinnamate.  A 
satuiated  solution  of 
sodium  ethoxide  in  ab¬ 
solute  methauiol  was 
added  drop  by  drop  to  a 
mixture  of  20.8  g  of 
ethyl  clnnanute  and  11 
g  of  dimethylphosphorous 
acid.  About  2  ml  of 
solution  had  to  be  added 
to  set  off  the  reaction. 
The  latter  began  abruptly 
and  was  accompanied 
by  the  evolution  of  con¬ 
siderable  heat  by  the 
reaction  mixt  ure. 

After  a  small  amount 
of  additional  sodium 
ethoxide  had  been 
added  and  the  reaction 
mixture  had  stood  for 
an  hour  at  room  tempera¬ 
ture.  it  was  distilled  from 

an  Arbuzov  flask.  This  yielded  27.2  g  of  the  ethyl  ester  of  B phenyl-0 *dimethylphosphonopropionic  acid,  with  a 
b.p.  of  192*  (10  mm)f  1.5060j  dj*  1.1910. 

0.1370  g  subsunce;  28.3  ml  NaOH  (T  0.01  958  9).  Found  <^:  P  11.2.  Calculated 

P  10.9.  We  also  secured  a  small  quantity  of  low-boiling  factions. 


No. 

Formula 

Boiling  point 

ST 

Yield,'i5> 

1 

CH,-CH-CI%-COOC,Hj 

,  If 

\oc^ 

146-147*  (11  mm) 

1.4335 

1.0724 

77.2 

2 

CH,-CH-CI%-COOC,Hi 

if 

\oc^^ 

186-189  (10  mm) 

1.4395 

1.0016 

58.8 

Addition  of  diediylphosphorous  acid  to  ethyl  cinnamate.  A  solution  of  sodium  edioxide  in  absolute  ethyl 
ether  was  slowly  added  to  a  mixture  consisting  of  15.7  g  of  ethyl  cinnamate  and  10.1  g  ef  diethylphosphorous  acid. 
The  reaction  set  in  only  after  considerable  ethoxide  had  been  added  and  was  very,  violent,  die  ethyl  alcohol  that 
had  been  added  to  the  reaction  mixture  together  with  the  alcoholate  foaming  up.  Fractionatlrai  of  the  reactimi 
mixture  yielded  23.5  g  of  the  triethyl  ester  of  8 -phenyl-8 -phosphonopropionic  acid  with  a  b.p.  of  199-200*  (11  mm> 
1.4917:  <i^  1.1226. 

0.1014  g.  0.1148  g  substance:  19.4  ml,  21.3  ml  NaOH  (T  0.019589).  Found  P  10.3,  10.1. 

CuUrtOsP.  Calculated  P  9.9. 

Saponifying  the  triethyl  ester  of  8 -phenyl-8 -phosidionopropionic  acid.  3.5  grams  of  the  triediyl  ester  of 
8-phenyl-8-phosphonopiopionic  acid  was  heated  in  a  sealed  tube  with  dilute  (1:1)  hydrochloric  acid.  Heating 
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lasted  6  hours  at  130-140*.  Repeated  evapotation  of  the  solution,  to  which  distilled  water  was  added  at  intervals, 
eliminated  all  of  the  hydrochloric  acid.  Crystals  settled  out  of  the  solution  when  the  latter  was  carefully  evaporated. 
Recrystallization  from  water  yielded  6-i)henyl"6-phosphonopropionic  acid  with  an  m.p.  of  204*. 

0.0826  g  substance:  20  ml  NaOH  (T  0.019589).  Found *55):  P  13.1.  C^HijOsP.  Calculated  P  13.4. 

Addition  of  diisobutylphosphorous  acid  to  ethyl  cinnamate.  The  reaction  was  carried  out  with  10.4  g  of  the 
cinnamate  and  9.3  g  of  diisobutylphosphorous  acid  in  the  presence  of  sodium  isobutoxide.  The  react  ion  was  much 
quieter  than  with  the  lower  dialkylphosphorous  acids,  about  4  ml  of  a  solution  of  the  sodium  isobutoxide  in  isobutyl 
alcohol  having  to  be  added  for  the  reaction  to  be  complete.  Fractionation  of  the  reaction  mixture  yielded  15.5  g 
of  the  ethyl  ester  of  B-jAienyl-fi-diisobutylphosphonopropionic  acid,  with  a  b.p.  of  224-225*  (14  mm);  rip  1.4800; 
df  1.0430. 

0.1266  g  substance:  19.6  ml  NaOH(T  0.019589).  Found  <70.  P  8.4.  CuH^jO^P.  Calculated  ^  P  8.4. 

Addition  of  dibutylphosphorous  acid  to  ethyl  cinnamate.  The  same  quantities  of  reagents  were  used  m  this 
reaction  as  in  the  previous  one,  with  sodium  bucoxlde  present.  Fractionation  of  the  reaction  mixture  yielded  16.1  g 
of  the  ethyl  ester  of  6  -  phenyl-6 -dibutylphosphonopropionic  acid,  with  a  b.p.  of  231-232*  (11  mm);  1.4821; 
df  1.0506. 

0.1200  g.  0.1374  g  subsunce:  18.2  ml,  20.5  ml  NaOH  (T  0  019589)  Jound  P  8.2,  8.1.  Ci,HjiOsP. 

Calculated  °}at  P  8.4. 

Addition  of  diethylphosphorous  acid  to  ethyl  crotonate.  A  solution  of  sodium  ethoxlde  in  absolute  ethyl 
alcohol  was  added  drop  by  drop  to  a  mixture  consisting  of  9  g  of  ethyl  crotonate  and  11.2  g  of  diethylphosphorous 
acid.  The  reaction  was  more  energetic,  and  less  of  the  ethoxide  was  required  than  was  the  case  in  the  analogous 
reaction  with  ethyl  cinnamate.  Fractionation  of  the  reaction  mixture  yielded  15.6  g  of  the  triethyl  ester  of 
e^hosphonobutyric  acid,  with  a  b.p.  of  146-147*  (11  mm);  nj  1.4335;  d^  1.0724. 

0.1496  g.  0.1306  g  substance?  38.2  ml,  33.6  ml  NaOH  (T  0.01768).  Found  <55):  P  12.5,  12.6.  CuI^OgP. 

Calculated  <^?  P  12.3. 

Saponifying  the  triethyl  est^  of  6-t)hosiAionobutyric  acid.  5  grams  of  the  triethyl  ester  of  6-phosphonobut- 
yric  acid  was  heated  to  150*  in  a  sealed  tube  for  5  hours  with  30  ml  of  dilute  (1:1)  hydrochloric  acid.  After  the  tube 
was  opened,  the  layer  of  ethyl  chloride  that  had  separated  out  was  removed,  and  the  aqueous  solution  was  repeatedly 
evaporated  distilled  water  being  added  at  Intervals,  until  all  the  hydrochloric  acid  had  been  eliminated.  Crystals 
of  6-phosphonDbutyric  acid  settled  out  of  the  solution  when  it  had  been  evaporated  to  15-20  ml.  They  had  an  m.p. 
of  141-143*  after  recrystallization  from  water. 

0.1390  g  subsunce:  52.5  ml  NaOH  (T  0.017688).  0.1088  g  substance:  41  ml  NaOH  (T  0.01784). 

'  Found  ojo'.  P  18.5,  18.6.  CaH^P.  CalcaUted  P  18.5. 

Addition  of  dibutylphosphorous  acid  to  ethyl  crotonate.  Sodium  butoxide  dissolved  in  butyl  alcohol  was 
added  to  a  mixture  consisting  of  7.2  g  of  the  crotonate  and  12  g  of  dibutylphosphorous  acid.  Fractionation  of  the 
reaction  nuxture  yielded  11.3  g  of  the  ethyl  ester  of  6-dibutylidiosphonobutyric  acid,  with  a  b.p.  of  186-189* 

(10  mm);  ng  1.4395;  dj*  1.0016. 

0.1794  g,  0.1268  g  substance;  35.4  mi,  25.4  ml  NaOH  (T  0.01768).  Found  P  9.7,  9.8.  C^H^OsP. 

Calculated  P  10.06. 


SUMMARY 

It  has  been  shown  that  in  the  presence  of  alcoholates  of  the  alkali  metals  dialkylphosphorous  acids  are  readily 
added  to  ethyl  cinnamate  and  ethyl  crotonate,  yielding  the  ethyl  ester  of  S-dialkylidiosj^ono-S-phenyliwopionic  and 
6-dialkylphosphonobutyric  acids,  respectively.  Saponification  of  the  latter  yielded  6-phosphono-6^henyl];H:opionic 
and  6-phosphonobutyric  acids. 
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THE  CATALYTIC  CONVERSION  OF  CYCLOHEXANONE  AND 
l,3-DIMETHYLCYCLOPENTAN-5-ONE  OVER  ALUMINA 

I.  N.  Nazarov,  I  L  Kotly  aievsky ,  and  N.  V.  Kuznetsov 


The  discovery  of  ineversible  catalysis  in  1911  by  Zelindiy  [1]  was  followed  by  a  multiplicity  of  papers  de¬ 
voted  to  a  study  of  this  phenomenon  in  the  most  diversified  organic  compounds  [2].  Terentyev  and  Guseva  [3]  were 
the  first  to  make  a  thorough  study  of  the  catalytic  conversions  of  cyclohexanone,  showing  that  cyclohexanone  is 
converted  into  cyclohexanol  and  phenol,  with  a  good  yield,  at  temperatures  of  the  order  of  230-250*  over  a  pal¬ 
ladium  catalystr  ^ 


>2 


In  the  great  majority  of  cases  the  phenomenon  of  irreversible  catalysis  has  been  observed  with  hydrogena¬ 
tion-dehydrogenation  catalysts.  The  sole  instances  of  ineversible  catalysis  over  alumina  are  the  conversion  of  cy¬ 
clohexene  into  benzene  observed  by  Petrov  [4],  the  yield  being  negligible,  and  the  fcxrmation  of  phenol  when  cyclo¬ 
hexanol  is  passed  oyer  alumina,  observed  by  Bartlett  and  Woods  [5], 

In  the  course  of  our  investigation  of  cyclic  ketones,  we  decided  to  look  into  the  behavior  of  cyclohexanone 
and  l,3-dimethylcyclopentan-5-one  over  alumina.  We  found  that  cyclohexanone  undergoes  the  same  transformations 
over  alumina  (into  phenol  and  cyclohexanol)  in  the  temperature  range  from  390  to  450*  that  had  been  jarevfously 
observed  to  occur  over  Pd,  the  cyclohexanol  being  completely  dehydrated  into  cyclohexene  under  the  conditions  of 
the  experiment. 

About  30‘5fc  of  1 ,3-dimethylcyclopentan-5-one  is  converted  into  1,3-dimethylcyclopentene  over  alumina  at 
1350“,  the  product  absorbing  1  mole  of  hydrogen  when  hydrogenated  with  a  Pt  catalyst  and  yielding  tile  1,3-dimethyl- 
cyclopentane  described  previously  [0]: 


In  this  process  a  slight  amount  of  1,3-dimethylcyclopentadiene  is  also  ixoduced  apparently. 


EXPERIMENTAL 

Catalytic  conversion  of  cyclohexanone.  Cyclohexanone  (b.p.  155“:  1.4506),  was  passed  at  a  fixed 

rate  of  flow  through  a  catalytic  tube  22  mm  in  diameter,  made  of  molybdenum  glass  and  filled  for  80  cm  of  its 
length  with  granulated  alumina  2-3  mm  in  diameter.  The  resultant  catalyzate  separated  into  two  layers  —  aqueous 
and  organic.  Cyclohexene  was  distilled  from  the  organic  layer  up  to  90“.  An  ether  extract  of  the  aqueous  layer 
was  combined  with  the  aqueous  layer,  the  ether  was  driven  off,  and  a  90-200“  fraction  was  distilled.  The  tarry 
residue  was  weighed.  The  90-200“  fraction  was  processed  with  a  10<?1j  alkali  solution  to  remove  the  phenol,  the 
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alkaline  solution  of  the  phenolate  being  treated  with  ether.  The  ether  extract  was  combined  with  the  neutral  resi¬ 
due  of  the  90-200*  fraction.  The  product  was  dried  with  magnesium  sulfate  and  distilled,  the  cyclohexanone  re¬ 
covered  after  the  experiment  being  collected  in  the  152-156*  range.  The  phenolate  solution  was  acidulated  with 
dilute  (1:1)  hydrochloric  acid,  and  the  phenol  was  thoroughly  extracted  with  ether.  The  ether  extract  was  dried  with 
magnesium  sulfate,  the  ether  was  driven  off,  and  the  phenol  was  distilled  at  179-183*,  crystallizing  into  its  charac- 
tericis  crystals  upon  cooling.  The  phenol  was  used  to  prepare  tribomophenol  with  an  m.p.  of  92-93*  and  triiodo- 
phenol  with  an  m.p.  of  157*.  The  mixed  melting  points  with  synthetic  samples  exhibited  no  depression.  The  crude 
cyclohexene  was  dried  with  fused  calcium  chloride  and  was  collected  in  the  78-83*  range  upon  distillation.  All  the 
cyclohexanone  fractions  collected  in  the  several  runs  were  combined  and  fractionated  with  a  column  having  the 
efficiency  of  14  dieoretical  plates.  We  fractionated  75  g  of  the  cyclohexene,  which  yielded; 

Fraction  1,  b.p.  77-82.5,  8  gr  Fraction  2,  82.5-62.9  def,  59  g;  1.4451:  df  0.8104; .  residue  5  g; 
fractionation  losses  3  g. 

The  cyclohexene  was  used  to  produce  dibromocyclohexane,  with  a  b.p.  of  100-101*  at  14  mm. 

Our  data  on  the  conversion  of  cyclohexanone  over  alumina  under  various  conditions  are  given  in  the  follow¬ 
ing  table. 


Run 

'  Temper- 

Rate  of  flow 

Amount  of 

Grams  secured 

°lo  con¬ 
version 

Catalytic  con- 
version  of  1,3-dlmeth- 
ylcyclopentan-5-one 
over  alumina.  1,3- 
Dimethylcyclopen- 
tan-5-one  (b.p. 

anire,  * 

of  cyclohex¬ 
anone,  ml/hr 

cyclohex¬ 
anone  passed 
through,  g 

Phenol 

Initial 

cyclo¬ 

hexanone 

Water 

Tar 

1 

390* 

200 

50 

7.8 

13 

17 

3 

5 

50 

2 

400 

150 

50 

9.1  , 

16 

12 

3.5 

6 

60 

149.5-150*  at  750 

3 

400 

100 

50 

10.8 

19 

6 

4 

6 

70 

mm;  q^®  1.4325) 

4 

420 

100 

50 

11.6 

20.5 

- 

4.5 

9 

75 

[7],  prepared  by 

5 

450 

100 

50 

9.3 

16.5 

- 

4 

16 

60 

hydrogenating  1.3- 

dimethylA^’*- 

cyclopcnten-6-one  with  a  Raney  N1  catalyst  and  fractionation  into  a  column  with  an  efficiency  of  14  theoretical 

plates,  was  passed  through  the  catalytic  tube  described  in  the  preceding  experiment.  94  grams  of  1,3-dlmethylcyclO' 
pentan-6-one  was  passed  over  alumina  at  350*  and  at  a  rate  of  20  gAi.  This  yielded  66  g  of  catalyzate,  from  which 
10  g  of  water  was  eliminated.  The  organic  layer  of  the  catalyzate  was  dried  with  magnesium  sulfate  and  ffaction- 
ated,  yielding  two  fractions; 

Fraction  1,  b.p.  84-96*,  31  g;  and  Fraction  2,  b.p.  35-140* 
at  20  mm,  16  g. 

Fractionating  Fraction  1  into  a  column  with  an  efficiency  of 
22  theoretical  plates  yielded  15  g  of  1,3-dimethylcyclopentene; 

B.p.  92-92.3*  at  750  mm;  1.4337;  dj®  0.7748;  MR 

32.35;  calculated  31.84. 

6.85  g  of  the  1,3-dimethylcyclopentene  was  hydrogenated 
with  a  Pt  catalyst,  using  no  solvent,  1800  ml  of  hydrogen  (20*,  748 
mm)  being  absorbed  within  2  hours,  compared  to  the  1740  ml  called 
for  by  theory.  Fraction  yielded  6.5  g  of  1,3-dimethylcyclopentane 
[6]. 

B.p.  90-90.1*  at  746  nun;  1.4117;  dj®  0.7457; 

MR  32.75;  calculated  32.31. 

SUMMARY 

Cyclohexanone  is  converted  into  phenol  and  cyclohexene  over  alumina  at  390-450*,  the  yield  being  high  (up 
to  75«^).  Under  similar  conditions  l,3-dimethylcyclopentan-6-one  is  converted  into  1,3-dimethylcyclopentene,  the 
yield  being  30^,  plus  a  small  amount  of  1,3-dimethylcyclopentadiene. 


Fractionation  curve  of  cyclohexene. 
Values  of  ;  1  -  1.4492;  2  -  1.4467; 
3  -  1.4455;  4  -  1.4453;  5  -  1.4450; 

6  -  1.4452;  7  -  1.4450;  8  -  1.4450; 

9  -  1.4450;  10  -  1.4450;  11  -1.4450. 
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oxalic  acid,  the  oxide  ring  is  hydrolyzed  and  methylbenzoylcarbinol  C^%CO“CHOH-CHj  is  produced,  as  was  proved 
by  comparing  the  physical  constants  ^ conversion  into  a  glycolr  l,2-diphenylpropanediol-l,2  with  an  m.p.  of  91-92*, 
and  comparing  the  absorption  spectra  in  the  ultraviolet  (Fig.  3). 


1  -P  henylacetylcarbinol:  2  -  methylbenzoylcarbinol: 

3  -  product  of  the  reaction  of  the  methyl  lactolide  of 
methylbenzoylcarbinol  with  aqueous  solutions  of  acids. 


1  -  Methyl  ether  of  phenylacetylcarbinol;  2  -  methyl- 
ether  of  methylbenzoylcarbinol;  3  -  ixoduct  of  the  iso¬ 
merization  of  the  methyl  lactolide  of  methylbenzoyl- 
carbinol. 


When  the  methyl  Lactolide  of  methylbenzoylcarbinol  is  reacted  with  gaseous  HCl,  the  reaction  mass  heats 
up  greatly,  foams,  and  then  solidifies.  The  crystals  obuined  after  recrystallization  from  methanol  fuse  at  244- 
245*,  which  is  the  melting  point  of  the  cyclodimethyl  lactolide  of  methylbenzoylcarbinol  (m)  (the  mixed  melt¬ 
ing  point  was  the  same).  The  same  cyclodimethyldllactolide  is  produced  by  the  action  of  a  solution  of  HCl 
in  benzene. 


The  action  of  anhydrous  oxalic  acid  upon  a  solution  of  the  methyl  lactolide  of  methylbenzoylcarbinol  in 
benzene  mainly  results  in  polymerization  of  the  substance,  only  an  insignificant  quantity  of  the  isometic  conver¬ 
sion  product  -the  methyl  ether  of  phenylacetylcarbinol  (IV)  being  secured. 

The  product  synthesized  was  identified  by  comparing  Its  physicochemical  constants  with  those  of  the  known 
synthesized  methyl  ether  of  idienylacetylcarbinol  [8]. 

Substance  secured  as  the  result  of  isomerization;  b.p.  79-80*  at  1  mm;  1.520;  semicarbazone  m.p. 

156-15r. 

Methyl  ether  of  phenylacetylcarbinol;  b.p.  78-79*  at  1  mm;  1.522;  semicarbazone  m.p.  157-158*. 

The  mixed  melting  point  of  the  semicarbazone  prepared  from  the  isomerization  product  and  the  known 
preparation  of  the  semicarbazone  of  the  methyl  ether  of  phenylacetylcarbinol  exhibited  no  depression.  The  methyl 
edier  was  also  identified  as  an  individual  substance  by  comparing  the  absorption  curves  (in  the  ultraviolet)  of  the 
isomeric  ethers  with  those  of  the  product  synthesized  as  the  result  of  isomeric  conversion  (Fig.  4).  The  shape  of  the 
absorption  curve  of  the  isomerization  product  is  evidence  of  the  individuality  of  the  synthesized  ether.  If  the  iso¬ 
merization  of  the  methoxy  ether  were  to  uke  place  in  part  as  the  result  of  rupture  of  the  oxide  ring  at  the  methyl 
group,  yielding  the  methyl  ether  of  methylbenzoylcarbinol  (a  less  likely  reaction  product),  the  presence  of  the 
latter  in  the  mixture  could  be  detected  by  the  appearance  of  even  a  slight  maximum  in  the  320-330  mp  wave¬ 
length  region,  which  was  not  found  to  be  the  case.  As  might  have  been  expected,  the  isomeric  conversicm  took 
place  entirely  in  one  direction;  the  oxide  ring  was  ruptured  at  the  carbon  atom  that  was  connected  to  the  phenyl 
and  methoxy  groups.  The  same  sort  of  isomerization  was  found  when  the  methyl  lactolide  (I)  was  reacted  in  ben¬ 
zene  with  dichloroacetic  acid. 

We  thus  were  able  in  the  present  research  to  effect  the  isomeric  conversion  of  the  methyl  lactolide  of 
methylbenzoylcarbinol  into  an  ether  of  lAienylacetylcarbinol,  in  this  way  experimentally  corroborating  the  second 
suge  of  the  schema  suggested  by  A.  E.  Favorsky  for  the  mechanism  involved  in  the  isomeric  conversion  of  a-ketols 
in  an  acid  medium. 


A 

CgHg-C— CH-CH, 


ic 


H, 


(I) 


X°V 

CgHj-C - ^CH-CHa 

icHa 


,1 


C«H5-CH-C-CH, 

(IV) 


Bearing  in  mind  the  part  played  by  the  acid's  proton  in  the  isomerization  of  o'ketols  and  the  high  probability 
that  an  oxonium  compound  is  formed  by  the  oxygen  of  the  carbonyl  group,  we  can  represent  A.  E.  Favorsky's  schema 
for  the  isomeric  transformation  of  the  a*ketols  in  the  following  more  precise  form: 

-C-CHOH-CHj^  R-C— CH-CHj-^  R-C  —  CH-CHj  R-CHOH-C-CHa 


When  a  dilute  benzene  solution  of  benzoic  acid  acts  upon  the  methyl  lactolide  of  methylbenzoylcarbinol, 
the  sole  reaction  prcxluct  is  the  bonzoic  ether  of  methylbenzoylcarbinol  as  a  compound  with  an  m.p.  of  180*  that 
is  very  slightly  soluble  in  ether. 

The  mixed  melting  point  of  the  compound  with  the  ether  prepared  from  a  Haromoethyl  phenyl  ketone  and 
potassium  benzoate  exhibited  no  depression.  The  structure  of  the  benzoic  ether  had  been  previously  established  in 
a  paper  by  A.  E  Favorsky  and  r  I.  Temnikova  [9].  As  was  proved  in  that  same  paper,  the  benzoic  ether  of 
phenylacetylcarbinol  has  totally  different  properties  —  it  is  freely  soluble  in  ether  and  its  m.p.  is  51.4-52.5*. 


Hence,  whereas  benzene  solutions  of  oxalic  and  dichloroacetic  acids  react  with  the  methyl  lactolide  of 
methylbenzoylcarbinol  as  the  result  of  the  catalytic  action  of  the  hydrogen  ions  as  isomerizing  agents,  a  weak 
organic  acid,  such  as  benzoic  acid,  reacts  with  the  methyl  lactolide  as  a  weak  base,  the  oxide  ring  being  mptured 
at  the  methyl  group,  as  in  the  reaction  with  phenylhydrazine; 


When  we  compare  these  two  observations;  the  rupture  of  the  oxide  ring  at  the  methyl  group  when  benzoic 
acid  reacts  with  phenylhydrazine  and  the  rupture  of  the  oxide  ring  at  the  other  end  (the  phenyl  and  methoxy  groups) 
when  it  reacts  with  sodium  methoxide,  we  see  that  nucleophilic  reagents  can  enter  into  reaction  with  the  primary 
ring  attacked  in  various  ways.  It  may  be  that  a  steric  factor  plays  a  decisive  part  in  the  case  of  phenylhydrazine  or 
benzoic  acid. 


EXPERIMENTAL 

Reaction  of  the  methyl  lactolide  of  methylbenzoylcarbinol  with  methanol.  Six  grams  of  the  methoxy  ether 
was  added  a  drop  at  a  time,  with  constant  stirring,  to  25  ml  of  absolute  methanol,  causing  the  reaction  mixtire  to 
foam.  Driving  off  the  alcohol  yielded  a  crystalline  substance  and  a  dark-yellow  liquid.  The  melting  point  of  the 
crystals  was  244-245*  after  recrystallization  from  methanol.  Yield;  4  g.  Their  mixed  melting  point  with  the 
known  cyclodimethyl  dilactolide  of  methylbenzoylcarbinol  exhibited  no  depression. 

The  yellow  oil  was  distilled  in  vacuo;  b.p.  78-82*  at  2  mm;  npl.-533;  0.58  g  yield. 

The  semicarbazone  prepared  from  this  liquid  had  an  m.p.  of  226-228*  and  exhibited  no  depression  of  the 
melting  point  when  mixed  with  the  known  disemicarbazone  of  acetylbenzoyl  (m.p.  227-228*). 

Reaction  of  the  methyl  lactolide  of  methylbenzoylcarbinol  with  sodium  methoxide  in  methanol.  Seven  grams 
of  the  methoxy  ether  was  added  to  a  solution  of  sodium  methoxide,  prepared  from  5  g  of  sodium  in  100  ml  of  methan¬ 
ol.  The  mixture  was  heated  for  three  hours  on  a  water  bath.  Then  a  cunent  of  carbon  dioxide  was  passed  through  the 
solution  for  12  hours  until  no  more  soda  was  thrown  down.  The  solution  was  separated  from  the  precipitate.  The 
methanol  was  driven  off  in  vacuo,  the  residual  liquid  being  washed  with  water  and  extracted  with  ether.  The  ether 
extract  was  dried  with  MgS04.  The  ether  was  driven  off,  and  the  residual  oil  fractionated  in  vacuo;  the  bulk  of 
the  oil  distilled  at  76-76,5*  at  2  mm;  3.12  g  yield. 
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dj®  1090:  nJJ  l  5127;  MRjj  54.08.  CaHjgOjFj.  Calculated  MRp  54.32. 

0.144€  g  substance-  0.3508  g  00^;  0.1034  g  H,0.  0.0921  g  substance:  0.2269  g  COg;  0.0677  g  1^0. 

0.1501  g  substance:  0.3550  g  Agl.  0.1128  g  substance:  13.2  ml  CH4  (12*,  749.9  mm).  0.1020  g  sub¬ 
stance:  11.3  ml  CH4  (14*.  749.4  mm).  0.0996  g  substance;  14.57  gbenzene  At  0.185'.  0.2158  g 

substance;  14.57  gbenzene;  At  0.400*.  Found  ®^:  C  67.55,  67.19;  C  8.00,  8.22;, OCH8,  31.22;  active 

H  0.97,  0.92;  M  189,  190,  CuHigO,.  Calculated  o}o’.  C  67.32;  H  8.21;  OCHj  31.6;  active 

H  1;  M  196. 

Hydrolysis  of  the  dimethyl  ketal  of  methylbenzoylcarbinol.  Two  grams  of  the  dimethyl  ketal  was  heated 
on  a  water  bath,  with  constant  stirring,  with  a  ^  aqueous  solution  of  sulfuric  acid.  After  the  reaction  mass  had 
cooled  the  reaction  product  was  extracted  with  ether;  the  ether  extract  was  washed  with  a  saturated  solution  of 
soda  and  dried  over  MgS04.  Then  the  ether  was  driven  off.  and  the  residual  oil  distilled  in  vacuo:  b.p.  84-86'  at 
2  mm;  n^  1.543. 

The  substance  secured  after  hydrolysis  (0.5  g)  was  added  to  benzenemagnesium  bromide,  prepared  from 
0.45  g  of  magnesium  and  3.15  g  of  bromobenzene.  The  reaction  product’s  m.p.  was  91-92'  after  recrystallization 
from  petroleum  ether.  Its  mixed  melting  point  widi  known  l,l-<ilphenylpropanediol-l,2  exhibited  no  depression. 

Conversion  of  the  dimethyl  ketal  of  methylbenzoylcarbmol  into  the  cyclodimethyl  dilactolide  of  methyl¬ 
benzoylcarbinol.  Within  a  week  after  its  synthesis  the  dimethyl  ketal  turned  into  a  crystalline  mass.  Its  melting 
point  was  244-245*  after  recrystallization  from  methanol.  Its  mixed  melting  point  with  a  known  sample  of  the 
cyclodimethyl  dilactolide  of  methylbenzoylcarbmol  exhibited  no  depression. 

Reaction  of  the  methyl  lactolide  of  methylbenzoylcarbinol  with  a  1%  aqueous  solution  of  HCl  or  oxalic 
acid:.  One  gram  of  the  methoxy  ether  was  added,  with  chilling  and  stirring,  to  a  l<7o aqueous  solution  of  hydrogen 
chloride.  The  next  day  the  product  was  extracted  with  ether,  the  ether  extract  dried  with  MgS04,  the  ether  driven  j 

off  and  the  oily  residue  fractionated  in  vacuo:  b.p.  86-88'  at  2  mm;  njj  1.543. 

Reaction  of  the  hydrolysis  product  with  phenylmagnesium bromide.  This  reaction  was  performed  by  the 
method  described  previously,  usmg  0.33  g  of  magnesium  2.1  g  of  bromobenzene,  and  0.5  g  of  the  hydrolysis 
product.  The  resultant  substance  had  an  m.p.  of  91-92'  after  recrystallization  from  petroleum  ether  and  exhibited 
no  depression  of  its  mixed  melting  point  with  known  l,l-diphenylpropanediol-l,2. 

Similar  results  were  secured  when  we  hydrolyzed  the  methoxy  ether  with  a  V’jo  aqueous  solution  of  oxalic 

acid. 

Reaction  of  the  methyl  lactolide  of  methylbenzoylcarbinol  with  gaseous  hydrogen  chloride.  A  current  of 
anhydrous  gaseous  hydrogen  chloride  was  passed  through  a  flask  containing  0.6  g  of  the  methoxy  ether;  the  reac¬ 
tion  mass  warmed  up  considerably  and  then  foamed.  The  entire  mass  crystallized  upon  cooling.  The  crystals 
were  washed  with  ether  and  recrystallized  from  methanol;  m.p.  244-245'  Their  mixed  melting  point  with  the 
known  cyclodimethyl  dilactolide  of  methylbenzoylcarbinol  (whose  m.p.  was  244-245*)  exhibited  no  depression. 

Reaction  of  the  methyl  lactolide  of  methylbenzoylcarbinol  with  a  V’lo  solution  of  HCl  in  benzene.  A  solu¬ 
tion  of  8  g  of  the  methoxy  ether  in  benzene  was  added  a  drop  at  a  time,  with  sturing  and  chilling,  to  a  V’lo  solu¬ 
tion  of  hydrogen  chloride  in  benzene.  The  reaction  was  accompamed  by  the  evolution  of  heat.  Twelve  hours  later 
the  hydrogen  chloride  and  the  benzene  were  driven  off  in  vacuo  with  gentle  heat,  leaving  behind  a  mixture  of 
crystals  with  a  brown  oil.  The  crystals  were  filtered  out  of  the  oil,  washed  with  ether,  and  recrystallized  from 
methanol;  their  m.p.  was  245';  3.4  g  yield.  Their  mixed  melting  point  with  the  known  cyclodimethyl  dilacto¬ 
lide  of  methylbenzoylcarbinol  exhibited  no  depression. 

The  oil  left  after  the  crystals  had  been  filtered  out  was  treated  with  an  aqueous  soda  solution  and  then 
extracted  with  ether.  The  ether  extract  was  dried  over  MgS04,  the  ether  driven  off,  and  the  oily  residue  distilled 
in  vacuo:  Fraction  I  76-84' at  3  mm  — 0.25  g;  1,529;  Fraction  II  85-87*  at  3  mm  — 0.56  g;  n^  1.525; 

Fraction  III,  87-91'  at  3  mm -1.14  g;  1.525. 

All  three  fractions  contained  a  halogen  (determined  by  a  Beilstein  test);  they  were  not  analyzed  further. 


*)  The  figures  given  in  the  literature  for  methylbenzoylcarbinol  are:  b.p.  123'  at  14  mm;  nJJ  1.5420  [8]. 
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Reaction  of  tne  methyl  Uctolide  of  methylbeigoylcarbinol  With  oxalic  *cid  in  benzey .  Mioe  grMU  of  tlie 
methbxy  erhei  was  added  drop  by  drop  with  constant  stirring  to  0.5  g  of  the  oxalic  acid  stupe  nded  in  130  ml  of  beibi.^o^ 
zene.  The  o.^alic  acid  gradually  dissolved.  The  next  day  the  benzene  solution  was  washed  with  a  saturat^  soda 
solution  ai^  then  dried  over  MgS04.  The  benzene  was  driven  off,  and  the  remaining  oil  fractionated  iii  vacuo;  ^ 
Fraction  I,  '18-19*  at  1  mm— 2,11  g;  1.520;  Fraction  II,  80-110*  at  1  mm  — 0.56  g;  "LS2!8;  Fraction  HI,  Z40-  '  ^  ' 
242*  at  1  mm  — 4.2  g. 

Molecular  weight  of  Fraction  III;  0.1131  g  wibst^nce;  17.8  g  benzene;  ^10.097*.  0.2610  g  substance; 

17.8  g  benzene;  At  0.235*.  Found  M;  336.4,  320.  Calculated' M;  328. 

When  Fraction  I  was  mixed  with  a  water-alcohol  solution  of  seinicarbazide,  we  secured  white  crystals  vrith 
an  m.p.  of  156-157°.  Their  mixed  melting  point  with  the  known  semicarbazdne  of  thd  methyl  ether  of  phenyl'> 
acetyicarbinol  (m:p.  157-158*)  exhibited  no  depression.  ...  w i  - 

Synthesis  of  the  methyl  ether  of  methylbenzoylcarbinol.  Five  grams  of  methylbenzoylcarbinol  was  heated 
for  10/  hours,  with  constant  stirrii%,^  m  absolute  ether  with. 15.7  g  ofisilver  oxide  and  32  g  of  methyl  iodide.  When 
the  reaction  was  over,  the  ether  solution  was  filtered  hee  of  the  ixecipitate ,  the  ether  and  the  methyl  iodide  driven 
off,  and  the  remaining  oil  fractionated  in  vacuo;  b.p.  79-80*  at  1  mm.  ^  This  yielded  4.5  g  (82%  of  the  theoretical) 
of  a  highly  mobile,  light-yellow  liquid. 

df  1.0704;  1.5225;  MRd  46.77.  Calculated  MRu  46.^. 

0.0893  g  substance;  0.2402  g  CO^r  0.0574  gl%0.  0.'0^6  g  substance;  0.2461  g  CO^;  0.0613  g  I%0. 

0.0991  g  substance;  0.1433  gAgl,  Found 'Jk;  C  73.41i  79.00;  H  7.19,  7.46;  OCHs  19.09.  Ci|H]|0^. 

Calculated  C  73.17;  H  7.31;  OCH,  18.9. 

When  the  solution  was  mixed  with  semicarbazlde,  we  obtained  the  semicarbazone,  which  had  an  m.p.  of 
159-160*  after  recrystallization  from  alcohol.  ^ 

0.0854  g  substance;  14.2  ml  (20*,  760.6  rnin).  0.0878  g  substance;  14.7  ml  (20*,  760,6  mm). 

Found  <>)k;  N  19.12,  19.23.  CuH^O^N,.  Calculated  N  19.0.  t  :  ;  t 

Reaction  of  the  methyl  lactollde  of  methylbenzoylcarbinol  with  a  benzene  solution  of  benzoic  acid.  Two 
grams  of  the  methoxy  ether  was  added  drop  by  drop,  with  chilling,  ,  to  a  solution  of  2  g  of  benzoic  acid  in  50  ml 
of  benzene.  '  Welie  hburs  later  the  benzene  solution  was  washed  v^th  a  solution  of  soda  and  dried  over  MgS04, 
after  which  the  benzene  was  driven  off.  .The/oU  left  behind  solidified  at  once.  The  leiuilting  crystals  had  an  m.p. 
of  107-108*  after  bemg  washed  with  ether.  Yield  2  g.  Their  mixed  melting  point  with  the  known  benzoic  ether 
of  methylbenzoylcarbinol  (m.p.  108*)  exhibited  no  deix^ssion.  ,  . 

Reaction  of  the  methyl  lactollde  of  methylbenzoylcarbinol  with  a  benzene  solution  of  dichldroacetic  acid. 

Nine  grams  of  the  methoxy  ether  was  added  drop-by  drop,  with  constant  stirring  to  0.6  g  of  dichlocoacetic  acid,  in 
150  ml  of  benzene.  The  next  day  die  reaction  mixture  was  washed  with  a  saturated  soda  solution  and  dried  over 
MgS04.  The  benzene  was  driven  off,  and  the  remaining  oil  was  fractionated  in  vacuum;  Fraction  I,  85*67*  at  ..  . 

4-5  mm  — 0.82  g;  1.520.  Fraction  II.  87-68*  at  4-5  mm— 2.72  g;  1.521.  Fraction  in,  260*^62*  at  4-6  mm  — 

3.8  g. 

Fractions  I  and  II  yielded  a  semicarbazone  with  an  m.p.  of  156-157*  when  treated  with  a  water-alcohol 
solution  of  semicarbazlde  acetate.  Its  mixed  melting  point  with  the  known  semicarbazone  of  the  methyl  ether 
of  phenylacetylcarbinol  exhibited  no  deixession. 

Molecular  weight  of  Fraction  in.  0.1144  g  substance;  18.2  g  benzene;  At  0.102*.  0.2959  g  substance; 

18.2  g  benzene;  At  0.242*.  Found  M;  316.1,338.0.  Cf4F^4P4.  Calculated  M;  328. 

SUMMARY 

1.  It  has  been  shown  that  the  dimethyl  ketal  of  methylbenzoylcarbinol  is  produced  by  the  reaction  of  the 
methyllactolide  of  methylbenzoylcarbinol  with  sodium  methoxide  dissolved  in  methanol.  When  the  methyl  lac- 
toluie  is  reacted  with  anhydrous  sodium  methoxide  in  ether  or  at  high  temperature  without  a  solvent,  the  methyl 
lactollde  is  recovered  unchanged. 

2.  The  action  of  puie  methanol  or  anhydrous  HCl.  either  in  the  gaseous  sute  or  dissolved  in  benzene,  upon 
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the  methyl  Ucrolide  of  methylbenzoylcarbinol  teiulu  in  dimerization,  the  product  being  the  cyclodimethyl  dilac* 
tolide  of  methylbenzoylcarbinol.  .  . 

3.  Aqueous  solutions  of  HCl  or  of  oxalic  acid  actuig  upon  a  methyl  lactolide  hydrolyze  the  oxide  ring, 
producing  methylbenzoylcarbinol. 


4.  The  action  of  benzene  solutions  of  oxalic  at  dichloroacetic  acid  upon  the  methyl  lactolide  of  methyl> 
benzoylcarbinol  isomenzes  it,  producing  the  methyl  ether  of  phenylacetylcarbinol. 

5.  The  action  of  a  benzene  solution  of  beuoic  acid  upon  the  methyl  lactolide  of  methylbenzoylcarbinol 
produces  the  benzoic  ether  of  methylbenzoylcarbinol. 

6.  Methylbenzoylcarbinol.  phenylacetylcarbinol,  and  their  derivatives  were  identified  by  their  absorption 
spectra  in  the  ultraviolet. 

In  conclusion;  we  wuh  to  express  our  gratitude  to  S.  N.  Andreev  for  his  aid  and  advice  in  the  spectroscopic 
analysu. 
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THE  REACTION  OF  ALDEHYDES  AND  KETONES  WITH  ACETIC  ANHYDRIDE 
I.  SYNTHESIS  OF  CYCLOHEXENYL-Aj-ACETATE  AND  CYCLOHEXYLIDENE  DIACETATE  FROM  CYCLOHEXANONE 

I.  V.  M achinskaya 

Although  it  is  very  easy  to  prepare  diacyl  derivatives  of  the  hydrated  form  of  aldehydes,  some  of  them,  such 
as  ethylidene  diacetate,  being  employed  in  industry,  no  diacyl  derivatives  of  the  hydrated  form  of  ketones  have  been 
synthesized  as  yet  [1].  Analogous  diacetyl  derivatives  of  the  aldehydes  are  readily  synthesized  by  reacting  acetic 
anhydride  with  aldehydes  in  the  presence  of  minute  quantities  of  concentrated  sulfuric  acid  [2].  The  ketones  either 
do  not  react  with  acetic  anhydride  at  all  [3],  or  else  the  action  of  acetic  anhydride  in  the  presence  of  various  catal¬ 
ysts  yields  either  enolic  forms  of  the  acetates  [4,  5,  6]  or  more  complex  condensation  products  [7]. 

We  thought  it  likely  that  the  enolic  acetates  of  the  ketones  were  produced  via  the  formation  as  inter¬ 
mediates  of  diacetyl  derivatives  of  the  hydrated  form  of  the  ketones,  which  originate  when  the  acetic  anhydride 
is  added  to  the  carbonyl  group  and,  as  they  are  unstable  in  the  conditions  of  the  reaction,  split  off  a  molecule  of 
acetic  acid.  The  following  facts  reported  in  the  literature  support  the  conclusion  i>at  the  reaction  of  the  alde¬ 
hydes  with  acetic  anhydride  follows  the  same  course;  1)  When  aldehydes  are  heated  with  acetic  anhydride,  we  get 
acetates  of  the  enolic  forms  of  the  aldehydes;  when  the  reaction  is  performed  in  the  cold,  we  get  the  respective  di¬ 
acetyl  compounds  [8].  2)  When  the  diacetates  of  the  hydrated  forms  of  the  aldehydes  are  heated,  they  break  down 
into  acetates  of  the  enolic  forms  and  acetic  acid  [9],  By  way  of  an  indirect  analogy  to  this  type  of  reaction  be¬ 
tween  acetic  anhydride  and  carbonyl  compounds  we  may  cite  the  synthesis  of  ethers  of  the  enolic  forms  of  carbonyl 
compounds  by  heating  their  acetals  [10]  as  well  as  by  the  action  of  certain  substances  that  can  split  off  alcohol 
molecules  [11];  it  was  found  diat  the  acetals  of  the  ketones  are  less  stable  than  those  of  the  aldehydes  [12]. 

In  the  present  research  I  have  endeavored  to  synthesize  the  diacetyl  derivative  of  the  hydrated  form  of  a 
ketone  and  to  secure  new  experimental  data  on  the  formation  of  enolic  acetates  of  ketones.  The  substance  chosen 
was  one  of  the  simplest  cyclic  ketones,  viz;  cyclohexanone,  which  has  two  equivalent  methylene  groups  adjacent 
to  the  carbonyl  group,  making  it  possible  to  produce  the  enolic  forms  and  eliminating  any  possibility  of  the  forma¬ 
tion  of  the  isomeric  enolic  acetates. 

I  reacted  cyclohexanone  with  acetic  anhydride  under  the  conditions  that  are  ordinarily  employed  in  syn¬ 
thesizing  diacetyl  derivatives  from  the  aldehydes,  viz;  mixing  the  ketone  with  an  excess  of  acetic  anhydride  at 
room  temperature,  and  adding  a  minute  amount  of  concentrated  sulfuric  acid.  We  succeeded  in  securing  two 
reaction  products;  cyclohexenyl-Aj -acetate  and  cyclohexylidene  diacetate. 

Cyclohexenyl-Ai  acetate  had  been  previously  synthesized  by  boiling  cyclohexanone  with  acetic  anhydride 
for  50  hours  in  the  presence  of  sodium  acetate  [4].  In  1945  a  simpler  method  was  suggested  [5]  for  synthesizing 
this  compound  with  a  68<5!j  yield,  involving  the  heating  of  cyclohexanone  for  4  hours  with  acetic  anhydride  in 
the  presence  of  p-toluenesulfonic  acid  and  driving  off  the  acetic  acid  produced  in  the  reaction. 

In  the  conditions  we  employed  the  yield  of  the  cyclohexenyl  acetate  totalled  about  70*^  of  the  theoretical, 
based  on  the  cyclohexanone  used.  In  view  of  the  simplicity  of  the  reaction  we  have  described,  it  may  be  recom¬ 
mended  as  a  convenient  method  of  producing  the  enolic  acetate  of  cyclohexanone. 

Cyclohexylidene  diacetate  is  not  described  in  the  literature.  It  is  a  colorless  liquid  with  a  faint  ether 
odor,  which  boils  at  99-100*  (at  5  mm). 

We  still  had  to  ascertain  whether  the  formation  of  the  enolic  acetate  and  that  of  the  diacetyl  compound 
were  two  different  processes,  independent  of  each  other,  or  one  of  these  compounds  is  an  inter  mediate  product 
in  the  formation  of  the  other.  To  determine  the  feasibility  of  the  enol  acetate  being  formed  by  the  direct  acyla¬ 
tion  of  the  enolic  form  of  cyclohexanone  we  first  investigated  the  feasibility  of  acylating  the  enolic  hydroxyl 


group  under  our  reaction  conditions,  using  phenol  as  an  example.  Our  experiment  Indicated  that  acylation  proceeds 
readily,  a  high  yield  of  phenyl  acetate  being  obtained.  We  still  thought  that  the  assumption  that  the  enol  acetate 
was  formed  by  the  direct  acetylation  of  the  enolic  form  of  cyclohexanone  not  very  likely,  inasmuch  as  the  latter 
form,  even  if  present  in  equilibrium  with  the  keto  form  in  cyclohexanone,  would  still  exist  in  a  minute  quantity; 
this  follows,  for  example,  from  the  fact  that  cyclohexanone  does  not  decolorize  bromine  water  rapidly  [13]. 

On  the  other  hand,  as  we  noted  above,  the  addition  of  acetic  anhydride  to  the  carbonyl  group  takes  place 
very  readily  in  some  cases  (as  in  the  aldehydes).  As  I  saw  it,  a  more  probable  assumption,  therefore,  was  that  the 
ini.tial  process  occurring  in  the  reaction  under  consideration  is  the  formation  of  a  diacetate,  the  formation  of  the 
enol  acetate  being  a  secondary  process.  This  is  borne  out  by  the  following  fact  I  have  discovered:  The  diacetyl 
compound  is  produced  only  when  cyclohexanone  reacts  with  the  acetic  anhydride  for  a  short  time  (42  hours).  When 
the  reaction  lasted  a  longer  time  (9  days),  no  diacetyl  compound  was  secured,  the  yield  of  the  enol  acetate  increas* 
ing  proportionately.  Moreover,  special  tests  showed  that  the  enol  acetate  of  cyclohexanone  cannot  add  acetic  acid 
under  the  prevailing  reaction  conditions.  The  enol  acetate  was  mixed  with  acetic  anhydride  (three  times  the  molar 
quantity)  and  glacial  acetic  acid  (1.5  times  the  molar  quantity),  and  a  few  drops  of  sulfuric  acid  were  added. 

Three  days  later,  the  unchanged  enol  aceute  was  recovered  from  the  reaction  mixture  almost  quantitatively. 

This  indicates  that  the  enol  acetate  is  stable  under  the  reaction  conditions  we  are  discussing,  so  that  it  is  hardly 
an  interemediate  product  during  the  synthesis  of  cyclohexylidene  diacetate  from  cyclohexanone. 

To  bear  out  our  assumption  that  the  diacetyl  compoimd  is  an  intermediate  product  of  the  formation  of  the 
enol  acetate,  we  investigated  the  stability  of  cyclohexylidene  diacetate  under  our  reaction  conditions.  We  found 
that  cyclohexylidene  diacetate  is  totally  converted  into  cyclohexenyl-Aj  acetate  when  allowed  to  stand  in  the 
cold  with  acetic  anhydride  and  a  minute  amount  of  sulfuric  acid.  (See  the  experimental  section  for  a  description 
of  this  test). 

Hence,  our  experimental  findings  support  the  following  schema  for  the  reaction  of  cyclohexanone  with 
acetic  anhydride  in  the  cold  in  the  presence  of  sulfuric  acid. 


-KCH^O).(^ 

(H,S04) 


C-OCOCH. 

•<\h 


CH, 

CH, 


We  shall  made  an  experimental  check  in  the  future  of  whether  this  schema  can  be  applied  to  other  ketones. 


EXPERIMENTAL 

1.  Synthesis  of  Cy clohexenyl-Ai  Acetate  from  Cyclohexanone. 

Ten  drops  of  concentrated  sulfuric  acid  were  added  to  a  mixture  of  62.5  g  of  acetic  anhydride  and  20  g  of 
cyclohexanone.  Heat  was  liberated  (the  temperature  rising  to  37*),  and  the  reaction  mixture  gradually  turned  dark 
crimson.  The  mixture  was  allowed  to  stand  at  room  temperature  for  9  days  after  which  it  was  treated  with  ice 
water  to  decompose  the  acetic  anhydride  that  had  not  participated  in  the  reaction  and  then  extracted  with  ether. 
The  ether  solution  was  washed  with  a  10<^  soda  solution  until  its  reaction  was  neutral,  and  then  with  water  after 
which  it  was  dried  with  sodium  sulfate.  The  ether  was  driven  off,  and  the  residue,  which  contained  no  cyclohex¬ 
anone  (bisulfate  test),  was  distilled  in  vacuo;  the  bulk  of  the  substance  was  collected  in  the  58-68*  range  at  5  mm. 
The  substance  had  the  following  constants  after  redistillation  in  vacuo: 

B.p.  180-181*;  1.4580;  d|*  1.01103;  MRj^  37.83;  calculated  38.13. 

15.98  mg  substance:  40.18  mg  CO,;  12.32  mg  H,0.  14.99  mg  substance:  37.79  mg  COj;  11.54  mg  H,0. 
Found  <5b;  C  68.61,  68.79;  H  8.63,  8.61.  C,HaO,.  Calculated  <?k:  C  68.54;  H  8.63. 

Saponification  number;  381.6,  Calculated  for  cyclohexenyl  acetate;  400.2. 

The  yield  of  cyclohexenyl- Aj  acetate  was  20  g,  or  about  IQPjo  of  the  theoretical. 

2.  Synthesis  of  Cyclohexylidene  Diacetate  from  Cyclohexanone. 

The  quantities  of  cyclohexanone,  acetic  anhydride,  and  sulfuric  acid  used,  and  the  reaction  procedure. 
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were  the  same  as  in  Experiment  1.  Reaction  lasted  42  hours.  The  reaction,  mixture  was  processed  with  ice  water 
to  decompose  the  acetic  anhydride  and  extracted  with  ether,  and  the  ether  extract  was  washed  with  a  10^  soda 
solution.  Then  the  unreacted  cyclohexanone  was  eliminated  by  using  sodium  bisulfi  te.  The  bisulfite  compound 
weighed  23  g.  The  residue  was  washed  with  soda  and  then  with  water  and  dried,  the  ether  was  driven  off,  and 
the  residue  was  fractionated  in  vacuo.  Double  distillation  yielded  two  products; 

1)  10.5  g  of  a  substance  with  a  b.p.  of  62-72*  (at  5  mm)  —  cyclohexenyl-Aj  acetate. 

2)  4.5  g  of  a  product  with  a  b.p.  of  98-102*  (at  5  mm);  several  redistillations  in  vacuo  of  the  product 
yielded  a  substance  that  was  a  colorless  liquid  with  a  faint  ether  odor: 

B.p.  99-100*  (at  5  mm);  nfj  1.4475;  dj*  1.0749;  MRjj  49.81;  calculated  49.49. 

15.50  mg  substance;  34.31  mg  CO|;  11.29  mg  1^0.  14.80  mg  substance;  32.74  mg  CO^;  10.84  mg  Hfi. 

Found  <%:  C  60.40,  60.37;  H  8.15,  8.20.  CnHig04.  Calculated  <5k;  C  59.98;  H  8.05. 

Saponification  number;  550.  3.  Calculated  for  cyclohexylidene  diacetate:  560.4. 

Conversion  of  cyclohexylidene  d:.acetate  mto  cyclohexenyl-Ai  acetate.  Two  drops  of  concentrated  sulfuric 
acid  were  added  to  a  mixture  of  3.5  g  of  freshly  distilled  cyclohexylidene  diaceute  and  5.5  g  of  acetic  anhydride. 
No  heat  was  liberated;  the  reaction  mixtu::e  turned  red  at  once,  taking  on  a  dark-crimson  color  within  1-2  hours. 
The  mixture  was  allowed  to  stand  for  6  days.  Its  processmg  was  the  same  as  in  Experiment  1.  The  residue  left 
after  the  ether  had  been  dnven  off  distilled  nearly  completely  at  60-62*  (at  4  mm).  When  the  substance  was  dis¬ 
tilled  at  atmospheric  pressure,  all  of  it  passed  over  at  175-180*  and  had  the  ethereal  odor  that  was  characteristic 
of  cycldbexenyl-Ai  acetate.  Its  saponification  number  was  405.3.  The  number  calculated  for  cyclohexenyl  ace¬ 
tate  was  400.2 


SUMMARY 

1.  It  has  been  found  that  when  cyclohexanone  is  reacted  in  the  cold  with  acetic  anhydride  and  a  minute 
quantity  of  concentrated  sulfuric  acid,  cyclohexenyl-Aj  acetate  is  produced,  the  yield  being  70‘5(»  of  the  theoretical. 

2.  It  has  been  shown  that  when  cyclohexanone  is  reacted  with  acetic  anhydride  in  the  cold  for  a  short  time 
in  the  presence  of  sulfuric  acid,  cyclohexylidene  diacetate,  which  is  not  described  in  the  literature,  is  produced  in 
addition  to  the  enol  acetate  of  cyclohexanone. 

3.  It  has  been  found  that  under  these  reaction  conditions  the  cyclohexylidene  diacetate  is  an  intermediate 
product  of  the  fo  rmation  of  the  enol  acetate  of  cyclohexanone. 
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THE  CONDENSATION  OF  SOME  4-ALKYL  SUBSTITUTION  DERIVATIVES 
OF  CYCLOHEXANONE  WITH  ENANTHALDEHYDE 

I.  V.  Machinskaya  and  B.  V.  Tokarev 


The  alkyl  and  alkenyl  substitution  derivatives  of  cyciopentaaione  and  cyclopentenone  include  several  com¬ 
pounds  diat  have  a  fIo>al  odor  and  are  thus  of  interest  to  the  perfume  industry.  The  best-known  compound  of  this 
type  is  jasmone  (3-methyi-2-fl-pentenylcyclopenten-2-one-l)  and  its  hydrogenation  products.  Thanks  to' this,  many 
papers,  both  research  and  patent,  have  dealt  with  the  synthesis  of  such  compounds  [1].  The  information  in  the 
literature  on  the  odor  of  alkyl  substitution  derivatives  of  cyclohexanone  is  very  scanty,  however.  In  one  of  the 
patents  [2]  we  found  the  assertion  that  2-heptylidenecyclohexanone  can  be  used  as  a  component  of  a  blend  that 
has  the  odor  of  hyacinths. 


In  view  of  the  fact  that  alkylphenols  and  theu  hydrogenation  products— alky  1-cyclohexanols  — ate  quite  ac¬ 
cessible  products  by  now,  we  were  mterested  in  making  use  of  them  to  synthesize  several  alkyl  alklldene  hexanones 
and  dialkyl  cyclohexanones  to  secure  new  fragrant  substances. 


We  took  4^nethyl-  and  4-tert-butylcyclohexanol  as  the  initial  substances.  They  were  converted  into  the 
respective  cyclohexanones  by  oxidizing  them  with  dichromate  in  sulfuric  acid,  the  cyclohexanones  then  being  con¬ 
densed  with  enanthaldehyde.  The  condensation  products  (which  we  assume  have  a  semlcyclic  double-bond  struc¬ 
ture*  were  converted  mto  the  respective  saturated  ketones  (dialkyl  cyclohexanones)  by  hydrogenation.* 


where  R  =  CHj  or  {CH^. 

We  condensed  the  4-alkyl  substitution  derivatives  of  cyclohexane  with  enanthaldehyde  in  the  presence  of  a 
dilute  solution  of  caustic  soda  (0.5<7o  of  the  total  weight  of  the  reaction  mixture)  at  a  temperature  of —5*  to  0*. 


The  substances  we  synthesized  were  products  of  the  condensation  of  one  molecule  of  the  alkyl  cyclohexanone 
with  one  molecule  of  enanthaldehyde,  a  molecule  of  water  being  given  off.  The  presence  of  a  single  ethylenic  bond 
in  the  molecules  of  the  products  synthesized  was  confirmed  by  the  quantity  of  hydrogen  absorbed  during  its  hydro¬ 
genation  (cf.  the  experimental  section). 

When  we  condensed  4-methylcyclohexanone  with  enanthaldehyde  we  secured  a  liquid  product  with  a  faint, 
but  rather  pleasant  odor.  B.p.  134-144"  at  4  mm. 


The  yield  of  the  condensation  product  was  of  the  theoretical,  based  on  the  unreacted  enanthaldehyde. 

When  we  condensed  4-tert-butylcyclohexanone  with  enanthaldehyde,  we  secured  a  product  that  was  an  oily 
liquid  with  hardly  any  odor.  The  substance  had  a  b.p.  of  152-154"  at  5  mm. 

The  yield  of  the  condensation  product  was  35*70  of  the  theoretical,  based  on  the  enanthaldehyde  used. 

The  unsaturated  ketones  we  had  synthesized  were  hydrogenated  in  alcohol  at  room  temperature  with  a  pal¬ 
ladium  catalyst  (see  the  experimental  section). 

^  It  is  not  impossible  that  the  double  bond  is  located  in  the  ring  in  the  condensation  products  (again  in  an  a,6- 
position  to  the  carbonyl  group). 
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When  we  hydrogenated  4- methyl-2- he ptylldenecyclohexanone,  we  secured  a  product  that  was  a  colorless 
liquid  with  the  odor  of  peaches;  b.p.  138-140*  at  5  mm;  oxime  m.p.  64*  (with  decomposition). 

When  we  hydrogenated  4-tert-butyl-2-heptylidenecyclohexanone,  we  secured  a  liquid  product  that  had  the 
odor  of  fresh  greens;  b.p.  170-171*  at  5  mm;  oxime  m.p.  62*;  semicarbazone  m.p.  143-144*;  p-nitrophenylhydra- 
zone  m.p.  116-117*  (with  decomposition). 

Thus,  the  unsaturated  ketones  we  synthesized  by  condensing  4-methyi-  and  4-tert-butylcyclohexanone  with 
enanthaldehyde  had  hardly  any  odor.  The  odor  was  reinforced  when  the  ethylenic  bond  in  these  compounds  was 
hydrogenated  and  its  character  changed,  becoming  more  fragrant. 

EXPERIMENTAL 

I.  Synthesis  of  4-Methyl-2-heptylidenecyclohexanone 

1.5  ml  of  a  31%  solution  of  NaOH  and  30  g  of  enanthaldehyde  were  added  drop  by  drop,  with  vigorous  mech¬ 
anical  stirring  (1.5  hours),  to  a  solution  of  46  g  of  4- methyl  cyclohexanone  (b.p.  169-170*)  in  an  equal  weight  of 
alcohol,  chilled  to— 10*. 

The  temperature  was  kept  in  the  -5*  to  0*  range.  After  the  alkali  and  the  aldehyde  had  been  added,  the 
mixture  was  stirred  for  another  hour  and  a  half  at  0*.  Then  the  reaction  mass  was  neutralized  with  30%  acetic  acid 
and  agitated  with  water,  the  reaction  product  being  extracted  with  ether  and  dried  with  calcined  sodium  sulfate, 
and  the  ether  being  driven  off.  Then  the  unreacted  methylcyclohexanone  and  the  enanthaldehyde  were  driven  off 
in  vacuo  (40  mm).  The  residue  was  distilled  with  a  dephlegmator  at  a  4  mm  vacuum.  The  yield  of  the  product, 
with  a  b.p.  of  140-146*  (at  4  mm),  was  19.8  g,  or  36%  of  the  theoretical,  based  on  the  charge  of  enanthaldehyde  (or 
70%,  based  on  the  aldehyde  entering  into  the  reaction). 

The  product  is  a  colorless  oily  liquid.  Its  constants  were  as  follows  after  double  distillation: 

B.p.  143-144*  at  4  mm;  n^f  1.4788;  d”  0.90350;  MRq  65.36;  calculated  64.20.*** 

14.94  mg  subs.:  44.41  mg  CO*;  15.55  mg  1^0.  14,16  mg  subs.;  44.98  mg  CO|;  15.87  mg  1^0. 

.Found  %;  C  81.12,  80.97;  H  11.67,  11.73.  C14H24O.  Calculated  %:  C  80.71,  H  11.61. 

II.  Synthesis  of  4-Tert-Butyl-2-Heptylidenecyclohexanone . 

S90t}f 

We  condensed  4-tert-butylcyclohexanone  (m.p,  49*)  with  enanthaldehyde  under  conditions  resembling 
those  described  in  Experiment  I.  1.5  ml  of  a  31%  aqueous  solution  of  NaOH  and  26.5  g  of  enanthaldehyde  were 
added  during  the  course  of  1  hour  to  a  solution  of  48  g  of  4-tert-butylcyclohexanone  in  an  equal  quantity  by  weight 
of  alcohol,  chilled  to  —10*,  the  temperatare  being  kept  in  the  —  10*  to  0*  range  by  external  chilling.  After  all  the 
alkali  and  aldehyde  had  been  added,  the  mixture  was  stirred  for  another  hour  at  0*.  The  condensation  product  was 
recovered  as  described  in  Experiment  I.  The  yield  of  the  product,  with  a  b.p.  of  150-155*  (at  1  mm),  was  20.3  g, 
or  35%  of  the  theoretical  yield,  based  m  the  charged  enanthaldehyde.  Its  constants  were  as  follows  after  double  dis¬ 
tillation  in  vacuo: 

B.p.  152  154*  (at  1  mm);  ng  1.4806;  df  0.90188;  MRjj 78. 96;  calculated  78.05.*** 

15.45  mg  subs.:  46.24  mg  COj;  16.84  mg  HjO.  15.23  mg  subs.;  45.64  mg  CO2;  16.58  mg  1^0. 

Found  %:  C  81.68,  81.75;  H  12.20,  12.18.  CnHjjO.  Calculated  %;  C  81.53;  H  12.08. 

*  We  i^epared  the  4- methylcyclohexanone  by  oxidizing  4-methylcyclohexanol  with  dichromate  in  sulfuric 
acid  (52%  of  the  theoret  ic  al  yield). 

**  The  experiment  showed  that  heating  with  anhydrous  oxalic  acid,  as  other  authors  have  done  in  similar 
cases  [3],  was  not  needed  to  dehydrate  the  hydroxy  ketone  formed  initially.  Experiments  in  which  the  condensation 
product  was  heated  with  oxalic  acid  yielded  the  same  results.  Apparently  the  hydroxy  ketone  is  readily  dehydrated 
during  the  distillation  of  the  product  in  vacuo. 

**•  j 

The  discrepancy  between  the  MRg^^p  and  the  may  be  ascribed  to  the  effect  of  the  conjugated 

double  bonds. 

We  prepared  the  4-tert-butylcyclohexanone  by  oxidizing  4-tert-butylcyclohexanol  with  dichromate, 
the  yield  being  44%  of  the  theoretical. 
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III.  Synthesis  of  4 -Methy  1 -2 -hep  ty  Icyc  lohex  a  none . 

The  4-methyl- 2  -heptylidenehexanone  was  hydrogenated  in  an  alcoholic  solution  by  colloidal  palladium 
with  vigorous  mechanical  agitation,  using  gum  arabic  as  a  protective  colloid.  8.9  g  of  the  subsunce  absorbed  1040 
ml  of  hydrogen  (15‘.  738  mm).  The  calculated  quantity  for  8.9  g  of  4 -methyl-2  -heptylidenecyclohexanone  is  1060 
ml  of  hydrogen.  When  the  reaction  was  over,  the  catalyst  was  filtered  out,  the  alcohol  was  driven  off,  and  the  reac¬ 
tion  product  was  extracted  with  ether  and  dried  with  calcium  chloride,  after  which  the  ether  was  driven  off  and  the 
residue  double-distilled  in  vacuo  (5  mm).  This  yielded  5.8  g  of  a  product  with  the  following  constants: 

B.p.  138-140*  at  5  mm;  ng  1.4570;  di*  0.87890;  MRd  65.19;  calculated  64.66. 

12.12  mg  subs.:  35.60  mg  COj;  13.72  mg  1^0.  12.61  mg  subs.:  36.94  mg  COj;  14.34  mg  HsO. 

Found  C  80.16,  79.94;  H  12.69,  12.75.  CuHjjO.  Calculated  <?;>:  C  79.93;  H  12.46. 

The  oxime  of  4- methyl-2 -heptylcyclohexanone  was  prepared  by  boiling  a  water-alcohol  solution  of  0.5  g 
of  hydroxylamine  hydrochloride,  1  g  of  sodium  acetate,  and  1  g  of  the  ketone  for  30  minutes  on  a  water  bath.  It  had 
a  constant  m.p.  of  64“  after  fourfold  recrystallization  from  alcohol. 

13.02  mg  subs.:  0.745  ml  (25“,  754  mm).  Found  «lo‘-  N  6.50.  C14H17ON.  Calculated  N  6.21. 

The  semicarbazone  of  4 -methyl-2 -heptylcyclohexanone  was  produced  by  agitating  1  g  of  the  ketone  for  a 
long  time  with  a  water— alcohol  solution  of  0.5  g  of  semicarbazide  hydrochloride  and  0.5  g  of  sodium  acetate.  Its 
m.p.  was  constant  at  102“  after  fourfold  recrystallization  from  alcohol. 

11.6  mg  substance:  1.634  ml  N|  (23. 5“,  747  mm).  Found  °]o:  N.15.92.  CjsHijONj. 

Calculated ‘/o:  N  15.72. 

The  p-nitrophenylhydrazone  of  4- methyl-2  -heptylcyclohexanone  was  prepared  by,  heating ,1  &  of 
p-nitrophenylhydrazine  on  a  water  bath  with  1  g  of  the  ketone  in  glacial  acetic  acid.  It  had  a  m.p.  of  114-116“  ^ 

(with  decomposition)  after  fourfold  recrystallization  from  alcohol. 


IV.  Synthesis  of  4-tert-Butyl-2 -heptylcyclohexanone. 

The  4-tert-butyl-2  -heptylidenecyclohexanone  was  hydrogenated,  and  the  reaction  product  was  recovered 
under  the  conditions  described  for  Experiment  in.  8.1  g  of  the  substance  absorbed  800  ml  of  hydrogen  (17*.  741  mm), 
the  calculated  quantity  for  8.1  g  of  4 -tert- butyl-2 -heptylidenecyclohexanone  being  807  ml. 

The  synthesized  4-tert-butyl-2  -heptylcyclohexanone  had  the  following  constants: 

B.p.  170-171*  at  5  mm;  ng  1.4662;  df  0.88856;  MRd  78.71;  calculated  78.52. 

14.50  mg  subs.:  42.83  mg  COt;  16.54  mg  li^O.  13.90  mg  subs.:  41.01  mg  CO^;  15.72  mg  1^0. 

Found  %:  C  80.60,  80.50;  H  12.78,  12.67.  CnHaO.  Calculated  C  80.88;  H  12.78. 

The  oxime  of  4 -tert- butyl-2 -heptylcyclohexanone  was  prepared  as  in  Experiment  III.  Its  m.p.  was  62* 
after  triple  recry stallizatibn  from  alcohol. 

The  semicarbazone  of  4 -tert-butyl-2 -heptylcyclohexanone  was  prepared  as  in  Experiment  in.  M.p.  143- 
144*  (from  alcohol). 

12.82  mg  subs.:  1.525  ml  (25*.  747  mm).  12.01  mg  subs.:  1.463  ml  (2T,  747  mm). 

Found  <5b;  N  13.37,  13.60.  CijHjjON,.  Calculated  <^o-.  N  13.57. 

The  p-nitrophenylhydrazone  of  4 -tert-butyl-2 -heptylcyclohexanone  had  a  m.p.  of  116-117*  (with  decom¬ 
position). 
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SUMMARY 


1.  4- Methyl-2 -heptylidenecyclohexanone  and  4-tert-butyl-2 -heptylidenecyclohexanone,  not  described 
previously  in  the  literature,  have  been  synthesized  by  condensing  4 -methyl-  and  4-tert-butylcyclohexanone  with 
enanthaldehyde. 

2.  The  synthesized  compounds  were  converted  by  catalytic  hydrogation  into  4 -methyl-2  -heptylcyclohex- 
anone  and  4-tert-butyl-2  -heptylcyclohexanone,  likewise  not  described  previously  in  the  literature.  The  latter 
were  identified  via  their  oximes,  semicarbazones,  and  p-nitrophenylhydrazones. 
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SYNTHESIS  AND  INVESTIGATION  OF  2-PHENYLPENT  ANOL-2-ONE-3 


A.M.Yanovitskaya 


Of  the  medicmais,  absolutely  no  wojk  has  been  done  on  the  a-ketolS:  with  the  sole  exception  of  the  fruc¬ 
toses.  The  reseaich  wotkers  who  synthesized  these  chemical  compounds,  which  are  so  highly  interesting  for  an  un- 
dersunding  of  the  nature  of  the  sugars,  were  uninterested  in  testing  their  pharmaceutical  properties.  And  yet.if  we 
look  into  the  individual  groups  m  the  a-ketols,  we  may  assume  that  the  presence  of  hydroxyl  and  ketonic  groups 
greatly  favor  the  origin  of  hypnotic  properties  in  these  substances.  Obviously,  the  radicals  linked  to  the  a -hydroxy 
carbonyl  group  also  play  an  impo  tant  pair.  The  presence  of  a  carbonyl  group  in  methyl  phenyl,  ethyl  phenyl, 
propyl  phenyl,  and  diphe  nyl  ketones,  foi  ihstance,  is  responsible  fo:  the  market  soporific  action  of  these  compounds, 
as  has  also  been  observed  in  ketones  with  aliphatic  radicals  (methylethyl,, diethyl,  and  propyl  ketones)  [1].  It  may 
also  be  assumed  that  if  the  halogenated  hydroxy  ketones  have  no  irritating  properties,  they  might  also  be  interesting 
subjects  for  research. 


The  first  tertiaiy  a-ketol  whose  action  we  testeo  on  animals  was  2  -phenylpentanol-2  -one-3  (I).  This  ketol 
is  interesting  because  its  a -hydroxy  ketone  group  is  linked,  one  the  one  hand,  to  an  ethyl  radical,  the  soporific  and 
anesthetic  action  of  which  has  been  confirmed  in  several  examples  (ethyl  alcohol,  diethyl  ether,  diethylbarbituric 
acid,  and  die  like),  and,  on  the  other,  to  methyl  and  phenyl  groups,  whose  hypnotic  effects  are  also  commented  on 
in  the  literature  (acetophenone,  Luminal,  etc.).  Synthesizing  this  compound,  we  also  bore  in  mind  the  possibility  that 
it  might  exist  as  an  a-alcohol  ether  (II)  and  the  possibility  that  the  alcohol  ether  or  ketol  may  be  isomerized  to  iso¬ 
meric  ketols  (in  and  IV). 

/CjHb  yCH, 


Nn - r— 


HjC, 


iH 


CHjCH, 

(II) 


CH5-CO-COH 

(in) 


CeHs-CO-COH 

(IV) 


We  proposed  to  synthesize  2  -phenylpentanol-2  -one-3  by  starting  either  from  acetophenone  cyanohydrin  and 
ethylmagnesium  bromide  or  from  atrolactamide  and  the  same  Grignard  compound.  We  were  unable  to  synthesize 
the  ketol  from  acetophenone  cyanohydrin  and  ethylmagnesium  bromide,  obtaining  2-phenylbutanol-2  instead  of  the 
expected  ketol.  A  29^  yield  of  the  ketol  was  obtained  when  we  reacted  atrolactamide  with  ethylmagnesium 
bromide. 

HhC  HsC  pMgBr 


\cOH- 

Hg4 


CONH,  +  CjHjMgBr 


VoH- 


\  ' 

NH; 


0H-C0-C*H5  +  MgBrOH  +  NH,. 


L 


The  reaction  is  actually  more  complicated,  since  we  have  to  allow  for  the  action  of  the  hydroxyl  group, 
which  decomposes  the  organomagnesium  coordination  compound.  We  therefore  used  3  moles  of  ethylmagnesium 
bromide  per  mole  of  atrolactamide  for  the  reaction.  The  synthesized  ketol  had  a  pleasant  aromatic  fragrance  and  a 
boiling  point  of  131-132®  (10  mm).  The  structure  of  the  ketol  was  established  by  oxidizing  it  with  chromic  anhydride 
in  the  presence  of  potassium  bisulfate.  This  yielded  acetophenone,  identified  via  its  semicarbazone,  with  a  m.p.  of 
201-202®,  and  propionic  acid,  identified  via  its  silver  salt.  We  also  investigated  the  ketol's  behavior  with  a  meth¬ 
anol  solution  of  HCl,  in  order  to  determine  whether  an  a -alcohol  —  ether  structure  was  ixresent,  but  we  were  unable 
to  secure  a  methyl  lactolide:  the  action  of  phenyl  isocyanate  yielded  a  phenylurethane  with  a  m.p.  of  182-183®. 
When  we  tried  to  isomerize  2 -phenylpentanol-2 -one-3  by  heating  it  in  a  sealed  tube  to  120®  with  alcohol  in  the 
presence  of  sulfuric  acid,  the  ketol  was  dehydrated,  yielding  2-phenylpenten-l -one-3 .  The  presence  of  the  latter 
was  established  by  the  products  of  oxidation  with  potassium  permanganate:  we  found  benzoic  and  propionic  acids, 
plus,  apparently,  formic  acid,  as  the  silver  salts  turned  very  black. 


The  pharmacological  testing  of  2  -phenylpentanol-2  -one-3  on  mice,  carried  out  under  the  guidance  of  N.A. 
Kharausov  (to  whom  we  are  indebted),  indicated  that  the  ketol  exhibited  a  narcotic  effect  resembling  that  of  amyl- 
ene  hydrate,  but  about  five  times  as  powerful;  the  phenylurethane,  on  the  other  hand,  was  inactive. 
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EXPERIMENTAL 


Reaction  of  acetophenone  cyanohydrin  with  ethylmagnesium  bromide.  A  solution  of  109  g  of  ethyl  bromide 
in  twice  the  volume  of  ether  was  gradually  added  from  a  dropping  funnel  to  24  g  of  magnesium  in  ether;  a  solu¬ 
tion  of  205  g  of  acetophenone  cyanohydrin  in  twice  its  volume  of  ether  was  added,  with  chilling  to  0*,  to  the  result¬ 
ing  ethylmagnesium  bromide.  The  reaction  involved  the  evolution  of  considerable  heat,  a  dark-gray  organomagnes- 
lum  coordination  compound  that  was  ether-insoluble  and  was  stured  with  difficulty  by  the  stirrer  being  produced  as 
the  acetophenone  cyanohydrin  was  added.  After  all  the  acetophenone  cyanohydrin  had  been  added,  the  reaction 
mixture  was  refluxed  for  two  hours  at  30-35*  on  a  water  bath  and  then  decomposed  with  a  10*^  solution  of  ammon¬ 
ium  chloride  after  it  had  cooled.  After  the  ether  solution  had  been  washed  with  a  ‘^o  solution  of  hydrochloric  acid 
and  the  ether  had  been  driven  off,  the  residue  was  fractionated  at  10  mm  pressure.  This  yielded  13  g  of  a  80-92* 
fraction  and  199  g  of  a  93-105*  fraction.  Redistillation  of  the  93-105*  fraction  at  10  mm  yielded;  2  g  at  89-92*  and 
194  g  at  100-101*.  We  analyzed  the  fraction  with  a  b.p.  of  100-101*  at  10  mm. 

dj  0.9963;  df  0.9850,  n”  1.51569;  MR^  45.97;  calculated  46.12. 

0.0938  g  subs.;  0.2745  g  CO^;  0.0787  g  H,0.  0.0892  g  subs.;  0.2603  g  CO,;  0.0749  g  H,0.  0.1928  g  subs.: 

15.7943  g  benzene;  At  0.43*.  0.2004  g  subs.;  17.4128  g  benzene;  At  0.40*.  Found  C  79.81,  79.59; 

H  9.38,  9.39;  M  145,  147.  Ci,Hi40.  Calculated  l/o:  C  80.00;  H  9.33;  M  150. 

The  substance  is  a  transparent,  colorless  liquid  with  a  putrid  odor.  The  action  of  phenyl  isocyanate  upon  it 
produced  a  phenylurethane,  whose  m.p.  was  161*  after  recrystallization  from  alcohol. 

0.1523  g  subs.;  6.70  ml  N,  (11*,  752  mm).  0.1411  g  subs.;  615  ml  N,  (12*,  754  mm). 

Found  N  5.20,  5.15.  Ci^HjPjN.  Calculated  <70:  N  5.20. 

The  analytical  data  indicate  that  the  reaction  produced  2  -phenylbutanol-2 .  It  is  evident  that  acetophen- 
onecyanohydrin  is  decomposed  by  ethylmagnesium  bromide,  producing  acetophenone,  which  reacted  with  the  Grig- 
nard  reagent.  The  properties  of  the  resulting  carbinol  agreed  with  those  given  in  the  literature  [2]. 

2  -Phenylpentanol-2  -one-3.  30  g  of  atrolactamide,  with  a  m.p.  of  101-102*  synthesized  by  the  Ruzicka 

andStaudinger  method  [3]  was  reacted  with  ethylmagnesium  bromide  prepared  with  13  g  of  magnesium  and  59  g  of 
ethyl  bromide  in  ether.  Then  the  ether  was  driven  off,  and  benzene  was  added.  The  reaction  was  performed  at  75-  ' 
80*,  the  amide  being  added  in  the  dry  state.  The  adding  of  each  portion  of  the  amide  produced  a  considerable  rise 
in  temperature.  Then  the  reaction  mixture  was  refluxed  at  80*  for  3  hours  on  a  water  bath  and  decomposed  the  next 
day  with  water  and  a  lO^o  solution  of  ammonium  chloride.  The  reaction  product  was  extracted  with  ether,  which 
was  then  driven  off  after  the  extract  had  been  dried  over  sodium  sulfate;  driving  off  the  benzene  in  vacuo  yielded 

7.5  g  of  a  substance  with  a  b.p.  of  131-132*  at  10  mm. 

dj  0.9771;  d|5  0.9700;  n^®  1.39822;  MR^  44.33;  calculated  44.87. 

0.0916  g  subs.;  0.2486  g  CO,;  0.0655  g  1^0.  0.0874  g  subs,;  0.2372  g  CO,;  0.0625  g  H^O.  0.1412  g  subs.; 

17.0854gbenzene;  At  0.27*.  0.1395  g  subs,;  15.0606  g  benzene;  At  0.024*.  Found  C  74.02,  74.01; 

H  8.00,  8.00;  M  176.3,  175.8.  CUH14O2.  Calculated  C  74.16;  H  7.87;  M178.il. 

The  phenylurethane  of  2 -phenylpentanol-2 -one-3.  1.8  g  of  2 -phenylpentanol-2 -one-3,  with  a  b.p.  of  131- 
132®  at  10  mm  was  mixed  with  1.2  g  of  phenylisocyanate  and  heated  to  40-50*  in  a  sealed  tube  for  30  minutes.  The 
reaction  product  was  washed  on  a  Buchner  funnel  with  a  mixture  of  petroleum  and  diethyl  ethers  and  then  with 
water,  dried  in  a  vacuum  desiccator,  and  recrystallized  from  alcohol;  m.p.  182-183*. 

0.2082  g  subs.;  8.20  ml  N,  (15®,  758  mm).  0.2283  g  subs.;  8.80  ml  1^  (16®,  756  mm). 

Found  «7o:  N  4.65,  4.53.  CijHijOjN.  Calculated  «lo%  N  4.71. 

Oxidizing  the  ketol.  3  g  of  the  ketol  was  oxidized  witth  3.15  g  of  chromic  anhydride  in  the  presence  of 

6.5  g  of  potassium  bisulfate  and  36  g  of  water,  the  reaction  product  being  distilled  with  steam.  The  distillate  was 
neutralized  with  potash,  and  then  a  neutral  product  with  the  odor  of  acetophenone  was  driven  off  and  collected  in  a 
semicarbazide  solution.  The  semicarbazone  precipitate  had  a  m.p.  of  201-202*  after  recrystallization  from  alcohol; 
its  mixed  melting  point  with  the  semicarbazone  of  acetophenone  exhibited  no  depression. 

0  0808  g  substance:  15.75  ml  N,  (12.5*  768,8  mm).  0.1032  g  substance:  20.30  ml  N,  (14®,  767  mm). 

Found  <7o:  N  23.00,  24.32.  CjM^ON,.  Calculated  <7o:  N  23.73. 
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After  the  potash  solution  had  been  acidulated  with  dilute  sulfuric  acid,  the  acid  products  were  driven  off 
with  steam:  the  distillate  was  heated  and  saturated  with  freshly  prepared  silver  carbonate  the  silver  salts  of  the 
acids  being  filtered  out  and  fractionally  crystallized.  The  individual  fractions  contained  the  following  amounts  of 
silver  after  they  had  been  dried  in  the  vacuum  desiccator: 

0.0694  g  subs.:  0.0414  g  A8>  0.0721  g  subs.;  0.0490  g  Ag. 

Found  Ag  56.95  5  9.64,  CsH(0|Ag.  Calculated  Ag  59.67. 

The  formation  of  acetophenone  and  propionic  acid  when  the  ketol  was  oxidized  identified  the  structure  of 
the  ketol  as  that  of  2*phenylpentanol*2-one'3. 

2-Phenylpenten- 1  -one-3.  The  2-phenylpentanol-2-one-3  was  heated  to  120*  in  a  sealed  tube  with  sul¬ 
furic  acid  in  order  to  determine  its  resistance  to  acid  agents  and  its  ability  to  enter  into  the  isomeric  transformations 
described  by  Academician  A>E.Favorsky  and  his  pupils  for  several  other  a-ketols  [4].  We  used  6.5  g  of  the  ketol , 
with  a  b.p.  of  131-132*  at  10  mm,  20  g  of  ethyl  alcohol,  and  5  drops  of  cone. sulfuric  acid.  After  the  reaction  mix¬ 
ture  had  been  heated  for  8  hours,  it  was  neutralized  with  anhydrous  barium  carbonate,  the  alcohol  being  driven  off 
from  the  filtrate  in  vacuo,  and  the  residue  being  distilled.  This  yielded  3.5  g  of  a  substance  with  a  b.p.  of  117-118* 
at  10  mm,  which  decolorized  bromine  and  potassium  permanganate  solutions.  Because  of  the  small  quantity  avail¬ 
able,  the  substance  was  oxidized  with  poussium  permanganate  without  further  detailed  identification. 

The  3.5  g  of  the  substance  was  oxidized  by  207.5  g  of  a  2^  solution  of  potassium  permanganate:  the  filtrate 
was  acidulated  with  sulfuric  acid  and  then  fractionated.  The  distillates  were  heated  and  saturated  widi  freshly  pre¬ 
pared  silver  carbonate  and  then  crystallized  in  a  vacuum  desiccator  after  having  been  boiled  for  a  long  time  and  re¬ 
filtered  (owing  to  the  precipitation  of  metallic  silver). 

Fraction  I:  1.04  g;  0.1002  g  subs.:  0.0470  g  Ag.  0.1064  g  subs.:  0.0481  g  Ag. 

Fraction  2:  1.02  g:  0.0947  g  subs.:  0.0465  g  Ag.  0.1233  g  subs.:  0.0617  g  Ag. 

Fraction  3:  0.93  g;  0.1043  g  subs.;  0.0610  g  Ag.  0.1112  g  subs.:  0.0650  g  Ag. 

Found  <!K>:  Ag  46.92,  47.28,  49.11,  50.05,  59.60,  59.23.  CrHsOsAg. 

Calculated^:  Ag  47.16.  C|HgO|Ag.  Calculated  Ag  59.67. 

SUMMARY 

1.  When  acetophenone  cyanohydrin  is  reacted  with  ethylmagnesium  bromide,  2-phenylbutanol-2  is 
produced. 

2.  The  reaction  of  atrolactamide  with  ethylmagnesium  bromide  in  benzene  yields  2-phenylpentanol-2  - 

oiie-3. 

3.  When  2  -phenylpenunol-2  -one-3  is  heated  to  120*  with  sulfuric  acid  and  alcohol,  the  hydroxy  ketone  is 
dehydrated  yielding 2 -phenylpenten-1 -one-3. 
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2 -MET  HOXYDIMETHYL  ANILINE 


THE.  AC  I  (ON  OF  NITROUS  ACID.  UPON 

,  i  .  ,  N.  N.S  veshnikav ,  I.I.Levkoev,  andjT.V, Krasnova 

Some  substitution  derivatives  of  dimethylaniline  yield  the  corresponding  mononitro  derivatives  wHen  reacted 
with  nitrous  acid  in  aqueous  solution.  For  instance.  4-methyldimethylaniline  yields  3-nitro-4-dimethylaminotolu- 
ene  [1,2],  while  4-methoxy-  [3],  4-chloro-  [4,5,6],  and  4-bromodimethylaniline  [7,8]  react  similarly.  This  reaction 
is  usually  complicated  by  the  formation  of  nitroaryl  alkyl  nitrosamines  [1,2, 3, 8]  "  ■ 

Grimaux  and  Lefevte  [9]  investigated  the  aption  of  nitrous  acid  upon  2 -raethoxydimethylanihne,  finding  that 
the  sole  reaction  product  was  2-methoxy-4-nitrodimethylaniline.  But  when  we  repeated  their  work,  we  always  se¬ 
cured  a  mixture  of  two  substances,  which  could  be  readily  separated  by  processing  with  dilute  hydrochloric  acid. 

The  Substance  that  is  soluble  in  the  acid  at  room  temperatuie  was  precipitated  from  the  solution  by  aqueous 
ammonia  and  crystallized  from  alcohol,  being  recovered  as  orange-yellow  needles  with  a  m.p.  of  99-100*,  which  is 
the  figure  given  by  Grimaux  and  Lefevre  [9]  for  2*methoxy-4-nitrodimediylaniline. 

The  acid-insoluble  residue  was  crystallized  from  alcohol,  yielding  slightly  yellowish  minute  needles  with  a 
m.p.  of  135-136*;  which  exhibited  a  pronounced  Liebermann  reaction  for  nitrosamines. 

When  the  product  was  heated  with  25%  hydrochloric  acid,  it  dissolved,  giving  off  nitrogen  oxides.  Precipi¬ 
tation  with  ammonia  and  crystallization  from  water  yielded  yellow  needles  with  a  m.p.  of  102*.  which  is  the  melt¬ 
ing  point  of  the  2-met^xy-4-nitromethylaniline  synthesized  by  Ingold  and  Ingold  [10]  in  another  way.  • 

In  order  to  establish  the  structure  of  the  two  products,  we  synthesized  2-methoxy-4-nitromonomethyfaniline 
and  2-methoxy-4-nitrodimethylaniline  (I,  II)  by  reacting  2-methoxy-4-niuochlorobenzene  with  mono- and  dimethyl- 


We  found  that  the  first  of  these  was  identical  with  the  product  of  the  hydrolysis  of  the  substance  with  a  m.p.  , 
of  135-136*,  while  the  second  was  the  same  as  the  poduct  with  a  m.p.  of  99-100*. 

Then,  we  nitrosated  2-methoxy-4-nittoraethylaniline  (I)  and  secured  2-methoxy-4-nitrophenylmethylnitros- 
amine  (III)  [11],  the  properties  of  which,  were  exactly  the  same  as  those  of  the  substance  with  a  m.p.  of  135-136*  re¬ 
covered  from  the  reaction  product.  The  same  compound  is  produced  by  the  action  of  nitrous  acid  upon  2-methoxy- 
4-nitrodimethylaniline  in  an  acidic  solution.  ii.  . 

Thus,  the  corresponding  nitrosamme.  is  produced,  in  addition  to  the  4-nitro  derivative.  when.2-methoxydi- 
methylaniline  is  reacted  with  nitrous  acid  in  an  aqueous  solution,  as  was  the  case  with  o^er  substitution  derivatives 
of  dimethylaniline  [1 .2,3,8]. 

The  formation  of  the  nitrosamines  is  apparently  largely  due  to  the  reaction  of  the  resultant  nitro  product  with 
excess  of  nitrous  acid  present  in  the  reaction  mixture  (cf.  [12]). 


EXPERIMENTAL 

‘  The  2-methoxydimethylaniline  was  prepared  by  methylating  o-aniline  (1  mole)  with  dimethyl  sulfate  (3.6 
moles)  at  20-25*  in  a  slightly  alkaline  aqueous  solution'and  then  decomposing  the  resultant  o-methoxyphenyltri- 
methylammonium  hydroxide  by  distilling  the  reaction  mass.  The  yield  was  71%  of  the  theoretical  (Evans  and  Wil¬ 
liams  secured  a  yield  that  was  only  40%  of  the  theoretical,  using  a  smaller  excess  of  the  dimethyl  sulfate  [13]).  A 
nearly  colorless  oil  with  a  b.p.  of  210-212*. 
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Reaction  of  2-methoxydimethvlaniline  with  nitrous  acid  r91.  A  solution  of  45.3  g  of  sodium  nitrite  in  2700 
ml  of  water  was  gradually  added,  at  15-20*,  with  stirring,  to  a  solution  of  15.1  g  of  2-methoxydimethylaniline  in  90 
g  of  33^  sulfuric  acid,  a  yellow  crystalline  iwecipitate  being  thrown  down.  Twelve  hours  later  an  excess  of  aqueous 
ammonia  was  added  to  the  reaction  mass,  and  the  precipitate  was  filtered  out.  washed  with  water,  dried  (m.p.  98- 
107*),  and  treated  3  or  4  times  with  Wfa  hydrochloric  acid  (in  50-60  ml  portions).  After  each  treatment,  the  insol¬ 
uble  residue  was  filtered  out  and  washed  with  Wfo  hydrochloric  acid.  The  filtrate  was  combined  widi  the  wash  wat¬ 
ers  and  alkalinized  with  aqueous  ammonia,  the  resultant  precipitate  being  filtered  out,  washed  with  water,  and 
dried,  after  which  it  was  crystallized  from  75  ml  of  ethyl  alcohol. 

The  yield  was  7.1  g  (36.2^  of  the  theoretical).  Thin  orange-yellow  needles  with  a  m.p.  of  99-100*  (Grim- 
aux  and  Lefevre  [9]  give  the  m.p.  as  99*). 

Found  <5t>;  N  14.37,  14.42.  C^uOjNi.  Calculated  %  N  14.28. 

The  residue  left  after  the  reaction  product  had  been  treated  with  10^  hydrochloric  acid  was  crystallized  from 
ethyl  alcohol.  Slightly  yellowish  needles  with  a  m.p.  of  135-136*  (Best  [11]  gives  138*  as  the  m.p.  of  2-methoxy-4- 
nitrophenylmethylnitroamine).  The  yield  was  8.2  g  (38.8^  of  the  theoretical). 

Found  N  20.00,  20.06.  CgHp^Ni.  Calculated  ojai  N  19.91. 

A  mixture  of  1.05  g  of  the  product  with  a  m.p.  of  135-136*  and  10.5  ml  of  25^  hydrochloric  acid  was  re¬ 
fluxed  for  1  hour.  The  substance  dissolved  rapidly,  nitrogen  oxides  being  given  off.  An  excess  of  aqueous  ammonia 
was  poured  into  die  solution,  a  yellow  precipitate  (weighing  0.86  g;  m.p.  95-98*)  that  was  recrystallized  from 
water  settling  out. 

Yellow  needles  with  a  m.p.  of  102*  (Ingold  and  Ingold  [10]  give  the  m.p.  of  2-methoxy-4-nitromethylani- - 
line  as  101-102*). 

Found  %  N  15.47.  CaH^p,!^.  Calculated  «lo:  N  15.35. 

Synthesis  of  2-methoxy-4-nitrQmethylaniline.  0.94  g  of  2- methoxy-4 -nitrochlorobenzene  was  heated  to 
110*  for  4  hours  in  a  sealed  tube  with  2.6  g  of  a  25^  aqueous  solution  of  methylamine  and  3  ml  of  methanol.  The 
contents  of  die  tube  were  then  processed  with  10^  hydrochloric  acid  and  filtered,  the  filtrate  being  alkalinized  with 
ammonia,  and  the  yellow  precipitate  recrystallized  from  water.  Yellow  needles  with  a  m.p.  of  101*.  Its  mixed 
melting  point  widi  the  product  obtained  by  hydrolyzii^  the  nitrosamine  exhibited  no  depression. 

Synthesis  of  2-methoxy-4-nitrodimeihylaniline.  A  mixture  of  0.94  g  of  2-methoxy-4 -nitrochlorobenzene, 
2.6  g  of  a  ZSfjt  aqneous  solution  of  dimethylamine,  and  3  ml  of  methanol  was  heated  to  110*  for  4  hours  in  a  sealed 
tube.  The  product  was  reivecipitated  from  lOo^  hydrochloric  acid  with  aqueous  ammonia  and  recrystallized  from 
ediyl  alcohol.  The  yield  was  97^  of  the  theoretical.  Orange-yellow  needles  with  a  m.p.  of  99-100*.  Its  mixed 
•  melting  point  with  the  product  recovered  from  the  reaction  mixture  when  2-methoxydimethylaniline  was  reacted 
with  nitrous  acid  exhibited  no  depression. 

Reaction  of  2-methoxy-4-nitromonomethvl-  and  dimethylaniline  with  nitrous  acid.  0.19  g  of  sodium  nitrite 
as  a  10^  aqueous  solution  was  added  at  15*  to  a  solution  of  0.46  g  of  2-methoxy-4 -nitromethylaniline  in  6  ml  of 
15^  hydrochlt^ic  acid,  throwing  down  an  abundant  yellowish  precipitate.  The  yield  totaled  85^  of  the  theoretical 
after  recrystallization  from  ethyl  alcohol.  Pale-yellow  needles  with  a  m.p.  of  135.5*. 

Under  the  same  conditions,  2-methoxy-4  -nitrodimethylaniline  yielded  a  slightly  yellowish  product,  the 
yield  being  of  the  theoretical.  M.p.  135-136*. 

The  mixed  melting  point  of  these  two  subsunces,  as  well  as  of  each  of  them  separately  with  the  product 
having  a  m.p.  of  135-136*  that  was  synthesized  by  reacting  2-methoxydimethylaniline  with  nitrous  acid,  exhibited 
no  depression. 

SUMMARY 

1.  It  has  been  shown  that,  contrary  to  the  data  in  the  literature,  the  reaction  of  nitrous  acid  in  aqueous  sol¬ 
ution  upon  2-methoxydimethylaniline  yields  a  subsuntial  quantity  of  2-methoxy-4-nitrophenylmethylnitrosamine 
in  addition  to  2 -methoxy-4 -nitrodimethylaniline. 

2.  The  2-methoxy-4-nitromono-  and  dimethylanilines  have  been  synthesized  from  2-methoxy-4- 
nitrochlorobenzene  and  the  mono-  and  dimethylamines. 
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HIGH-MOLECULAR  COMPOUNDS 


XLVI.  THE  POLYMERIZATION  OF  2,6  -  DIMETHYL-4- TERT-BUTYLSTYRENE 


V.V.Korshak  and  N,G. Matveeva 


Consideration  of  the  problem  of  how  the  polymerlzability  of  unsaturated  compounds  is  governed  by  their 
structure  led  one  of  the  present  authors  to  conclude  that  the  principal  factor  determining  whether  this  ability  is 
present  or  not  is  the  number  of  substituents  attached  to  the  carbon  atoms  linked  by  a  double  bond,  and  their  dimen  ¬ 
sions  [1].  These  stereochemical  factors  are  particularly  important  in  derivatives  of  ethylene  that  contain  4,  3,  or  2 
substituents  attached  to  the  ethylenic  carbon  atoms  [2],  As  we  know,  most  of  these  substances  cannot  be  polymer¬ 
ized.  The  exceptions  are  those  in  which  these  substituents  are  small,  such  as  tetrafluoroethylene,  vinylidene  chlor¬ 
ide,  isobutylene,  etc.  When  the  substituent  is  fairly  large,  such  as  a  phenylgroup,noneof  the  substituted  ethylenes, be¬ 
ginning  with  diphenylethylene,  is  polymerizable.  Diphenylethylene  can  only  be  started  on  the  polymerization 
road,  which  breaks  off  at  the  dimer  stage,  due  to  these  same  stereochemical  factors  [3].  Only  monophenylethylene- 
styrene —turns  out  to  be  a  very  readily  polymerizable  substance. 

We  were  therefore  interested  in  seeing  whether  the  presence  of  other  substituents  in  the  styrene  molecule  be¬ 
sides  the  phenyl  gioup  might  not  lead  to  a  loss  of  polymerlzability.  The  monosubstituted  orthostyrenes  described  in 
the  literature  polymerize  readily,  as  has  been  established  in  the  cases  of  o  -fluorostyrene  [4],  o-chlorostyrene  [5], 
o-bromostyrene  [6],  o- methylstyrene  [7],  o- me thoxy styrene  [4],  and  o-aminostyrene  [6];  this  is  also  true  of  the  di¬ 
substitution  derivatives  that  have  one  of  the  substituents  at  the  ortho  position,  such  as  2,3-,  2,4-,  and  2,5-dichloro- 
styrene  [8],  2,4- and  2,5-dimethylstyrene  [9],  2-'methyl-4-methoxy-5 -isopropylstyrene  [10],  and  a-vinylnaphthal- 
ene  [7].  Of  the  ortho  disubstitution  derivatives  of  styrene,  only  one  is  known:  2,6-dichlorostyrene,  which  is  poly¬ 
merized  when  irradiated  by  ultraviolet  rays  [8].  We  tried  to  discover  whether  the  presence  of  two  methyl  groups  in 
the  ortho  position  to  the  vinyl  group  would  impede  polymerization.  With  this  in  mind  we  synthesized  2,6-dimethyl*4  ' 
teri-dibutylstyrene  and  investigated  its  polymerlzability. 

The  starting  product  for  the  synthesis  was  2,6*dimethyl-4*tert-butylacetophenone,  which  was  reduced  to 

2. 6-  dimethyl-4 -tert-butylphenylmethylcarbinol,  which  In  turn  was  converted  into  the  desired  2,6-dlmethyl-4-tert- 
butylstyrene  by  dehydration.  The  2,6-dimethyl-4 -tert-butylacetophenone  was  reduced  by  boiling  for  2.8  hours  with 
aluminum  isopropylate,  and  then  slowly  driving  off  the  Isopropyl  alcohol  and  the  acetone.  Toward  the  end  of  this 
latter  procedure  the  carbinol  was  also  dehydrated,  and  we  got  the  desired  styrene  all  at  once,  Distillation  yielded  a 
product  with  a  b.p.  of  74-76*  at  3  mm.  The  yield  of  2,6-dlmethyl-4 -tert-butylstyrene  was  36^o  of  the  theoretical. 

The  resultant  product  was  processed  variously  to  convert  it  into  a  polymer.  It  was  heated  in  the  pure  state, 
as  well  as  with  benzoyl  peroxide  added;  it  was  also  exposed  to  the  action  of  direct  sunlight,  and,  lastly,  It  was 
treated  with  such  catalysts  as  boron  fluoride  or  aluminum  chloride  while  chilled  to  -16*  to  -26*.  It  was  found  that 

2. 6- dimethyl-4 -tert-butylstyrene  is  polymerized  neither  thermally  nor  photochemlcally,  nor  is  It  changed  when 
heated  with  benzoyl  peroxide;  only  after  250  hours  of  heating  to  200*  is  a  low-molecular  polymer  produced.  Thus, 

It  Is  practically  Incapable  of  radical  polymerization,  which  is  initiated,  as  we  know,  by  compounds  or  by  Influences 
of  an  energy  nature,  leading,  to  the  formation  of  free  radicals,  as  has  been  demonstrated  by  Medvedev  [11]  and 
others.  The  use  of  catalysts  was  found  to  be  mote  effective,  producing  ionic  polymerization  [12],  Polymerization 
occurs  readily  in  the  presence  of  boron  fluoride  or  aluminum  chloride  in  a  carbon  tetrachloride  solution  chilled  be¬ 
low -16*,  resulting  in  the  formation  of  a  polymer  of  2, 6-dimethyl-4 -tert-butylstyrene,  which  is  a  glasslike  product 
or  a  white  powder,  with  a  m.p.  of  180-190. 

Hence,  2, 6-dimethyl-4 -tert-butylstyrene  is  an  example  of  a  substituted  styrene  that  has  lost  its  radical  poly- 
merizability  almost  completely.  As  we  know,  styrene  Itself  is  a  compound  that  is  polymerizable  both  by  the  radical 
and  the  ionic  mechanism,  wherein  it  differs  from  most  other  vinyl  derivatives,  which  are  usually  polymerized  in 
only  one  way,  depending  on  their  structure,  as  indicated  in  the  table. 
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Mechanism  of  polymerizing  the  monomers  Inspection  of  the  table  indicates  that  the  introduction 

of  two  methyl  groups  into  the  phenyl  ring  of  styrene  at  the 
ortho  position  to  the  vinyl  group  produces  the  same  result 
as  the  introduction  of  one  methyl  group  in  the  a  -position 
to  the  vinyl  group.  This  idea  can  be  confirmed  by  com¬ 
paring  the  2,6-dimethyl-4-tert-butylstyrene  we  have  syn¬ 
thesized  with  a -methylstyrene;  both  of  these  compounds 
lost  the  inherent  radical  polymerizability  of  the  unsubsti¬ 
tuted  styrene.  The  reason  for  this,  no  doubt,  resides  in 
stereochemical  relationships.  The  introduction  of  these  methyl 
groups  sets  up  sreric  hindrances  to  the  polymerization  pro¬ 
cess  of  polymerization,  is  unable  to  overcome  in  the  radical  schema.  But  these  steric  hindrances  do  not  interfere 
with  the  polymerization  process  when  the  latter  proceeds  along  ionic  lines,  as  we  have  seen  in  the  two  styrenes 
mentioned  above.  It  is  not  impossible  that  the  reason  for  this  difference  is  related  to  the  well-known  fact  that  the 
radius  of  action  of  polar  and  nonpolar  forces  vanes  differently  with  a  change  in  distance,  for  the  nonpolar  forces 
grow  weaker  with  distance  as  1/r*,  where  r_  is  the  distance  between  the  centers  of  attraction,  while  the  polar  forces 
do  so  only  as  l/r*.  We  may,  therefore,  say  that  the  Intensity  of  interaction  will  greatly  differ  for  any  given  atoms 
at  any  given  distance,  depending  upon  whether  they  are  polar  or  not.  In  the  former  case,  when  polar  interaction 
forces  are  laiesent  (as  is  the  case  in  ionic  polymerization,  where  ions  of  opposite  charge  unite),  the  attractive  forces 
will  operate  over  a  much  greater  distance  than  in  the  second  case,  when  nonpolar  interaction  forces  are  present  (as 
in  radical  polymerization). 

EXPERIMENTAL 

2.6- Dimethyl-4-tert-butyl5tyrene.  300  ml  of  absolute  isopropyl  alcohol,  25  g  of  amalgamated  aluminum, 
and  0.5  g  of  mercuric  chloride  were  placed  in  a  0.5-liter  round -bottomed  flask  fitted  with  a  reflux  condenser.  Then 
the  flask  was  heated  to  boiling  on  a  water  bath,  and  2  ml  of  carbon  tetrachloride  was  added.  A  violent  reaction  set 
in  almost  at  once,  so  that  the  flask  had  to  be  chilled  with  cold  water  until  the  reaction  slowed  down.  Then  the 
flask  was  heated  on  a  boiling  water  bath  until  all  the  aluminum  had  dissolved.  When  it  had  dissolved,  130  g  of  2,6  - 
dimethyl-4-tert-butylacetophenone  was  added,  and  the  reaction  mixture  was  boiled  for  2.5  hours  on  a  water  bath. 

After  this  time  had  elapsed,  a  straight  condenser  was  fitted  on,  replacing  the  reflux  one,  and  the  isopropyl,  alcohol 
and  the  acetone  were  slowly  driven  oft,  fust  on  a  watei  bath,  and  toward  the  end  on  a  screen.  The  reaction  mass 
foamed  suongly  after  the  isopropyl  alcohol  had  been  driven  off,  the  synthesized  2,6-dimethyl-4-tett-butylphenyl- 
methylcarbinol  being  dehydrated.  The  flask  was  cooled,  and  the  resultant  porous,  brittle  mass  was  processed  with 
water  and  with  dilute  hydrochloric  acid.  The  oil  was  separated  in  a  separatory  funnel,  washed  several  times  with 
water,  dried  with  potash,  and  distilled  in  vacuo.  Most  of  the  product  distilled  between  74*  and  76“  at  3  mm.  The 
yield  was  42.3  g,  or  36.3^o  of  the  theoretical. 

2.6- Dimethyl-4-tert-butylstyiene  is  a  colorless  oil  with  the  odor  of  turpentine.  It  is  freely  soluble  in  ben¬ 
zene,  dichloroethane.  carbon  tetrachloride,  alcohol,  and  other  organic  solvents,  and  insoluble  in  water. 

dj*  0,8959;  n^  1,5220;  MRp  64.42;  calculated  64.20. 

10,7  mg  subs.;  35.24  mg  COj;  9.61  mg  1^0.  13,46  mg  subs.;  44.43  mg  CO2;  12.26  mg  1^0. 

Found  <54,;  0  89.88,90.08;  H  10.04,  10.19.  Calculated  <70;  C  89.32;  H  10.70. 

Polymerization  of  2,6-dimethyl-4"tert-butylstyrene.  2  g  of  2,6“dimethyl-4-tert-butylstyrene  was  dissolved 
in  10  g  of  carbon  tetrachloride  and  chilled  to  —  15®,  after  which  0.2  ml  of  a  \QP]o  solution  of  aluminum  chloride  in 
nitrobenzene  was  added  or  else  boron  fluoride  (1*55)  by  weight)  was  passed  through  for  a  short  time.  Then  the  mixture 
was  allowed  to  stand  for  a  few  hours,  after  which  it  was  washed  with  dilute  hydrochloric  acid  to  remove  the  alum¬ 
inum  chlonde,  washed  with  water,  and  dried  with  calcium  chloride,  and  the  solvent  was  driven  off.  This  yielded  a 
polymer  of  2,6-dimethyl-4-tert-butylstyrene  as  a  colorless  hyaline  product  that  fused  in  the  180-190®  range.  Its 
molecular  weight,  determined  by  the  viscosity  of  a  benzene  solution,  was  13,500  when  aluminum  chloride  was  used 
and  29,900  when  we  used  boron  fluoride. 

SUMMARY 

1.  2,6-Dimethyl-4-tert-butylstyrene  has  been  synthesized,  and  its  polymerizability  has  been  investigated. 
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.  2.  It  has  been  found  that  2,6  -dimethyl-4 -tert-butylstyrene  is  not  polymerized  by  heating  it  with  benzoyl 

peroxide  or  by  irradiation,  while  it  is  readily  polymerized  in  the  presence  of  aluminum  chloride  or  boron  fluoride. 

3.  The  problem  of  the  influence  of  substituents  in  the  ortho  position  upon  the  polymerizability  of  a  disub¬ 
stitution  derivative  of  styrene  is  discussed,  and  an  explanation  is  provided  for  its  ionic  polymerizability. 
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HIGH-MOLECULAR  COMPOUNDS 

XLVn.  THE  MECHANISM  INVOLVED  IN  CHAIN  GROWTH  AND  THE  REASONS  FOR  ITS  STOPPAGE  DURING 

A  POLYESTERIFICATION  REACTION  [1] 

V.V.Korshak  and  S . V. Vinogradova 


The  mechanism  involved  in  polyesterification  and  its  kinetics  have  been  the  subject  of  several  researches, 
the  foundation  of  which  was  laid  by  the  classic  researches  of  N.A.Menshutkin,  who  made  a  study  of  the  kinetics  of 
the  polyesterification  reaction  as  far  back  as  1881  in  his  investigation  of  the  reaction  of  ethylene  glycol  with  suc¬ 
cinic  acid  [2]. 


Maksorov  [3]  thoroughly  investigated  the  kinetics  of  the  reaction  between  ethylene  glycol  and  phthalic 
anhydride.  Subsequently,  Klenle  and  Hovey  investigated  the  reaction  of  phthalic  anhydride  with  glycerol  and  ethyl 
ene  glycol  [4].  The  latter  reaction  was  studied  by  Kogan,  who  found  that  it  was  a  second-order  reaction  [5].  The 
same  conclusion  was  reached  by  Altman  and  Kedrlnsky  from  their  investigation  of  the  reaction  of  ethylene  glycol 
and  ptopylene  glycol  with  phthalic  anhydride  [6].  We  find  different  conclusions  reached  by  Flory,  who  believes 
that  the  reaction  of  glycols  with  dicarboxylic  acids  is  of  the  third  order  [7].  It  should  be  noted,  however,  that  the 
experimental  findings  on  which  he  based  hu  conclusion  are  not  too  reliable  [8].  A  study  of  various  questions  related 
to  the  mechanism  of  the  polyesterification  process  and  its  kinetics  was  made  by  Korshak,  Rafikov,  and  Chelnokova; 
they  investigated  the  reaction  of  ethylene  glycol  and  of  decamethylene  glycol  with  adipic  and  sebacic  acids  [9,  10, 
11,  12].  As  a  result  of  these  investigations  they  calculated  the  activation  energy  of  the  polyesterification  reaction, 
which  was  found  to  be  12,000  cal/mole  [8],  They  also  determined  the  kinetics  of  this  process  in  the  reaction  of 
adipic  acid  with  ethyleneglycol  and  decamethylene  glycol,  finding  that  this  was  a  second-order  reaction  [8].  Frac¬ 
tionation  of  the  polyesters  indicated  that  they  were  comparatively  homogeneous  substances,  not  containing  fractions 
whose  molecular  weight  differed  by  more  than  20/^  from  the  mean  molecular  weight  of  the  given  sample,  a  conse¬ 
quence  of  condensed  polymerization  equilibrium,"  which  limits  the  growth  of  the  polyester  chains  [9,10],  They 
proposed  that  the  ’’coefficient  of  polydispersion,"  representing  the  ratio  of  the  gravimetric  and  numerical  molecular 
weights  for  any  given  sample  of  a  polyester  [llj,  be  utilized  to  characterize  the  fractional  composition.  They  also 
worked  out  a  method  of  determining  the  molecular  weights  of  polyesters  from  their  terminal,  groups  [12] . 


The  problem  of  the  causes  of  the  stoppage  of  chain  growth  in  the  condensed  polymerization  of  dicarboxylic 
acids  with  glycols  was  also  examined,  it  being  shown  that  the  existence  of  destructive  reactions  in  this  ixocess,  est¬ 
ablished  by  one  of  the  ixesent  authors  together  with  Golubev  [13],  ought  to  result  in  the  formation  of  a  comparative¬ 
ly  monodisperse  product  [14,  16,  16].  The  problem  of  the  mechanism  involved  in  polyester  chain  growth  in  the  var¬ 
ious  stages  of  the  process  still  remained  unsolved,  nor  was  there  any  experimental  basis  for  the  explanation  previous¬ 
ly  advanced  for  the  reasons  underlying  the  stoppage  of  chain  growth  in  the  polyesterification  reaction  [14]. 

The  present  research  was  undertaken  to  obtain  data  for  shedding  light  on  these  problems.  We  chose  as  the 
object  of  our  investigation  the  condensed  polymerization  of  hexamethylene  glycol  with  sebacic  acid.  Since  these 
starting  products  were  non-volatile  compounds  with  high  boiling  points,  we  did  not  have  to  worry  about  their  evapo¬ 
ration  during  the  reaction.  We  thus  eliminated  any  danger  of  violating  the  equivalent  proportions  of  the  initial  sub¬ 
stances,  which  is  an  extremely  important  factor  determining  the  upper  limit  of  the  polyester’s  molecular  weight  [19], 
as  has  been  demonstrated  by  one  of  the  present  authors  in  association  with  Golubev  [13,  17]  and  with  Rafikov  [18]. 


EXPERIMENTAL  PROCEDURE 

The  polyesterification  of  hexamethylene  glycol  with  sebacic  acid  was  carried  out  at  200*.  A  current  of 
nitrogen,  freed  of  any  oxygen  by  passing  it  through  an  alkaline  solution  of  pyrogallol,  then  through  sulfuric  acid, 
and  finally  through  a  layer  of  the  molten  polyester  heated  to  200®,  was  passed  through  the  reaction  vessel  continu¬ 
ously  The  initial  substances  were  taken  in  strictly  equivalent  quantities.  In  some  tests  we  employed  a  vacuum  of 
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TABLE  1 


Test 

No. 

Duration 

of 

reaction, 

hours 

Reaction 

temperature 

and 

conditions 

Yield  1 

%  of  un¬ 
reacted 
acid  (by 
wt.  of 
original 
amount) 

Characteristics  of  the  polyester 

Polyester 
(^o  by  weight 
of  total  re¬ 
action  mass) 

Low- 

molec¬ 
ular  pol¬ 
yester 
(%  by  wt; 

Ml  of  0.02  N  alkali 
solution  used  in  de¬ 
termining  groups 

Molecular 
weight  by 
terminal- 

group 

method 

Specific 

viscosity 

Molecular 
weight  by 
viscosity 
method 

Hydroxyl 

Carboxyl 

1 

0.5 

200* 

6.1 

60.9 

32.9 

50.7 

50.5 

899 

0.026 

885 

2 

1.5 

46.8 

37.1 

10.1 

41.3 

40.7 

1219 

0.035 

1192 

3 

2.5 

82.3 

13.3 

2.7 

29.8 

29.2 

1694 

0.052 

1271 

4 

3.5 

85.6 

11.9 

1.5 

24.1 

24.2 

2070 

0.061 

2028 

5 

4.5 

89.3 

8.5 

1.4 

22.8 

22.6 

2202 

0.069 

2350 

6 

5.5 

91.3 

6.7 

1.2 

19.5 

19.4 

2570 

0.076 

2589 

7 

6.0 

91.8 

6.2 

1.2 

19.5 

19.4 

2570 

0.077 

2623 

8 

7.0 

93.0 

5.8 

0.72 

18.3 

18.2 

2739 

0.085 

2896 

9 

9.0 

96.0 

4.0 

- 

18.1 

18.0 

2770 

0.10 

3507 

10 

10 

96.1 

3.9 

17.8 

17.6 

2892 

0.10 

3507 

11 

1.5 

96.1 

3.9 

- 

16.9 

16.9 

2967 

0.10 

3507 

12 

2.0 

200*  in 

96.1 

3.9 

- 

16.0 

16.0 

3125 

0.105 

3577 

13 

4.0 

^  vacuo. 

97.3 

2.7 

- 

16.1 

16.0 

3112 

0.107 

3665 

14 

6.0 

1..5-2  mm 

97.6 

2.4 

- 

16.2 

16.0 

3105 

0.109 

3717 

15 

8.0 

Hg 

98.6 

1.4 

- 

16.2 

16.0 

3105 

0.11 

3747 

16 

10 

99.07 

0.93 

16.2 

16.0 

3105 

0.116 

3952 

17 

2.0 

260*  in  vacuo, 

99.64 

0.36 

- 

14.2 

14.0 

3545 

0.16 

5451 

1.5-2  mm  Hg 

1.5  to  2  mm.  Samples  of  the  reaction  mass  were  taken  from  the  reaction  vessel  at  intervals  and  subjected  to  thorough 
analysis.  In  these  samples  we  determined  the  terminal  groups,  the  viscosity  of  an  0.5%  solution  in  benzene,  the  per* 
centage  of  the  unreacted  Initial  substances,  and  the  precentage  of  low*molecular  reaction  products. 

Determination  of  the  initial  products  and  of  the  low-molecular  polyesters.  This  determination  was  based  on 
the  circumstance  that  the  polyester  of  hexamethylene  glycol  and  sebacic  acid  is  insoluble  in  diethyl  ether,  whereas 
hexamethylene  glycol  and  sebacic  acid  are  both  freely  soluble  in  that  ether.  We  first  ran  blank  tests  in  which  weighed 
samples  of  the  polyester,  hexanediol,  and  the  sebacic  acid  were  fused,  the  resultant  mixture  being  extracted  with  di¬ 
ethyl  ether.  The  insoluble  residue  was  filtered  out,  washed  with  diethyl  ether,  dried  to  constant  weight,  and  weighed. 
The  losses  of  the  polyester  in  these  blank  tests  did  not  exceed  0.06%.  The  diethyl  ether,  which  contained  the  mono¬ 
mers  and  the  low-molecular  polyester  (with  a  molecular  weight  below  800),  was  filtered  free  of  the  insoluble  poly¬ 
ester  and  then  distilled  off,  the  residue  being  dissolved  in  water.  The  sebacic  acid  entered  into  aqueous  solution.  The 
aqueous  extract  was  titrated  with  a  0.5  N  solution  of  potassium  hydroxide.  The  losses  of  sebacic  acid  in  the  blank  tests 
did  not  exceed  O.Z-O.APjo.  After  the  monomers  and  the  low-molecular  polymer  had  been  removed,  the  polyester  was 
analyzed  by  determining  its  terminal  groups— both  carboxylic  and  hydroxyl— and  the  viscosity  of  its  0.5%  solution  in 
benzene.  The  amount  of  the  low^olecular  polyester  was  determined  by  the  method  of  differences. 

Determination  of  carboxylic  groups  in  the  polyester.  The  number  of  carboxylic  groups  was  determined  by 
directly  titrating  a  weighed  sample  of  the  polyester  with  a  caustic  alkali  and  phenol phthalein.  The  sample  of  the 
polyester  (about  0.5  g)  was  dissolved  in  20  ml  of  a  1:1  chloroform— methanol  mixture  and  titrated  with  a  0.02  N  sol¬ 
ution  of  potassium  hydroxide  in  60^  methanol.  The  titer  of  the  alkali  was  established  with  adipic  acid. 

Determination  of  hydroxyl  groups.  The  hydroxy]  groups  were  determined  by  the  Verley  method,  acetylating 
the  polyester  with  acetic  anhydride  in  pyridine  [20].  A  weighed  sample  of  the  polyester  (about  0.5  g)  was  placed  in  a 
flask  fitted  with  a  ground-glass  stopper,  dissolved  in  a  mixture  of  pyridine  and  acetic  anhydride,  using  120  g  of  acetic 
anhydride  to  880  g  of  pyridine,  and  heated  at  80-82*  in  a  water  thermostat.  A  parallel  blank  test  was  run  under  the 
same  conditions.  Heating  in  the  thermostat  continued  for  15  minutes,  after  which  the  flask  was  cooled,  and  its  con¬ 
tents  diluted  with  distilled  water  and  titrated  with  a  0.05  N  solution  of  potassium  hydroxide,  using  phenolphthalein  as 
an  indicator.  The  molecular  weight  was  determined  by  the  terminal-group  method  from  the  results  of  analysis,  using 
the  following  formula  [21]  : 
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M= 


100000 
a  +  b  ‘ 


where  a  is  the  number  of  ml  of  a  0.02  N  solution  of  potassium  hydroxide  used  to  titrate  the  carboxyl  groups,  and  b  is 
the  number  of  ml  of  a  0.02  N  solution  of  potassium  hydroxide  used  in  determining  the  hydroxyl  groups.  Our  results 
are  given  in  Table  1. 

EVALUATION  OF  RESULTS 

The  results  of  our  investigation  of  the  kinetics  of  the  reaction  between  hexamethylene  glycol  and  sebacic 
acid,  reproduced  in  Table  1,  indicate  that  the  reactive  functional  groups  are  used  up  fairly  rapidly.  This  is  shown 
more  clearly  in  Figure  1,  where  we  have  plotted  the  kinetics  of  the  change  in  the  percenuge  of  sebacic  acid  In  the 
reaction  mass  and  in  the  percentage  of  the  polyester  produced  with  time. 


Fig.  1,  1)  Change  In  the  percentage  of  the  polyester 

in  the  reaction  mass;  2)  change  in  the  percentage  of 
the  high-molecular  polyester  in  the  reaction  mass; 

3)  change  in  the  percentage  of  the  lowmoleculai 
polyester  in  the  reaction  mass;  4)  change  in  the  per¬ 
centage  of  free  acid  in  the  reaction  mass. 


Fig,  2.  Change  iji  the  molecular  weight 
as  determined  by  viscosity  when  the  reaction 
is  performed  at  200*  in  a  current  of  nitrogen; 
be)  cnange  in  the  molecular  weight  as  deter¬ 
mined  by  viscosity  when  the  reaction  is  per¬ 
formed  at  200*  in  vacuo. 


During  the  first  half-hour  it  is  chiefly  the  low  molecular  polyesrer  that  is  produced,  the  total  polyester  con¬ 
stituting  67.070  by  weight  of  the  total  reaction  mass  in  the  first  sample,  though  this  product  contains  only  9.17o  of  a 
hlghmolecular  polyester  with  a  molecular  weight  of  approximately  900,  i.e.,  the  trimer.  The  rest  of  the  polyester  is 
a  lowmolecular  product  with  a  molecular  weight  below  900,  i.e.,  consisting  for  the  most  part  of  a  mixture  of  the  di¬ 
mer  and  other  products  (see  below),  constituting  90.97»  of  the  total  weight  of  the  polyester.  It  is  apparent  that  the 
reaction  occurs  as  follows  in  this  stage; 


HO(CHj)pH  +  HOOC(CH8)jCOOH H[0(CH,),pOC(CH,)<CO]OH  +  H,0.  (1) 

H[0(CH8)jPOC(CH,),COpH -t  HO(CH,)jpH ->  H0(CH,)*00C(CH,)^00(CHj)*0IL  (II) 
HO(C1^600C(CHj),COOH  +  HOOC(CHj),CC)OH-»-  HjO  +  HOOC(CHi)8COO(CH2)pOC(CH2)gCOOH.  (Ill) 

(II)  +  H00C(CH2),C00H- 

(III)  -t  H0(CH2)^H 


H[0(CH,),jOOC;(CH,)jCOiOH  +  H2O. 
(IV) 


I)  Acid  ester  of  hexamethylene  glycol  and  sebacic  acid;  II)  di“(  hexamethylene  glycol)  ester  of  sebacic  acid;  III) 
acid  ester  of  hexamethylene  glycol  and  sebacic  acid;  IV)  dimer. 
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The  other  compounds  formed  are  the  products  of  the  reaction  of  the  dimer  (IV)  with  hexamethylene  glycol 
(V)  and  sebacic  acid  (VI):  thus,  the  low-molecular  polyester,  which  is  soluble  in  diethyl  ether,  is  probably  a  mixture 
of  compounds  (I,  n,  III,  IV,  V,  and  VI),  the  molecular  weight  of  each  of  them  lying  below  800.  The  trimer 

H[0(CHj)p0C(CH,),C0],0H 

has  a  molecular  weight  of  868  and  is  no  longer  soluble  in  diethyl  ether.  Thus,  within  half  an  hour  after  the  onset  of 
the  reaction,  the  reaction  mass  contains  a  mixture  of  condensed  polymerization  products,  with  two  to  six  residues 
(trimer)  of  the  glycol  and  the  acid,  together  with  the  initial  substances,  which  constitute  22P]o  by  weight  of  the  total 
reaction  mass.  As  the  reaction  proceeds,  the  percentage  of  the  monomer  in  the  reaction  mass  continues  to  fall,  with 
the  percentage  of  the  polyester  rising.  Thus,  within  an  hour  and  a  half,  the  percentage  of  the  polyester  constituted 
93.9*5^)  of  the  reaction  mass  by  weight,  46.8*70  representing  the  high^nolecular  polyester,  i.e.,  the  ester  insoluble  in  di¬ 
ethyl  ether.  After  2.5  hours  had  elapsed,  the  polyester  totaled  95.6<7o,  82.3<7»  of  this  representing  the  high-molecular 
polyester.  During  this  period  the  reaction  involved  the  further  exhaustion  of  the  initial  substances  (as  indicated  by  the 
diminution  of  the  percentage  of  the  free  acid  in  the  reaction  mass  to  2.7<7o)  as  well  as  the  reaction  of  the  molecules  of 
the  low-molecular  polyester  with  one  another.  This  idea  is  based  upon  the  fact  that  the  rise  of  the  molecular  weight 
of  the  polyester  to  1271  is  paralleled  by  a  drop  in  the  percentage  of  the  low-molecular  polyester  to  13.3*7).  At  the 
same  time  the  reaction  gradually  slowed  down,  so  that  by  the  end  of  the  tenth  hour,  the  polyester  constituted  100‘7o,of 
which  only  3. 9*70  represented  the  low-molecular  polyester.  When  we  bear  in  mind  that  the  percentage  of  the  initial 
substances  left  after  the  third  hour  is  less  than  2%  while  both  the  percentage  and  the  molecular  weight  of  the  poly¬ 
ester  continue  to  rise,  there  can  be  no  doubt  that  the  reaction  of  the  polyester  molecules  with  one  another  begins  to 
play  an  ever-greater  role  in  the  growth  of  the  polyester  chain,  this  being  also  borne  out  by  the  fact  that  the  percentage 
of  free  hydroxyl  and  carboxyl  groups  in  the  polyester  falls  (the  acid  number  of  the  polyester  was  50.5  ml  of  a  0.02  N 
alkali  solution  after  half  an  hour,  and  only  17.6  ml  after  10  hours  had  elapsed),  as  well  as  by  the  drop  in  the  percent¬ 
age  of  the  low^olecular  polyester  to  3.9*70.  By  the  end  of  the  tenth  hour  the  rise  in  the  molecular  weight  of  the 
polyester  has  practically  ceased,  as  may  be  seen  in  Figure  2,  which  shows  the  change  in  the  molecular  weight  of  the 
polyester  with  time.  We  had  previously  come  to  the  conclusion  that  further  heating  of  the  polyester  would  not  pro¬ 
duce  any  results,  so  that  we  endeavored  to  find  out  what  would  be  the  effect  of  heating  in  vacuo,  a  procedure  that  is 
often  employed,  as  we  know  from  the  work  of  Carothers,  in  the  production  of  high-molecular  polyesters  [22].  With 
this  as  out  objective  we  continued  to  heat  the  polyester  for  another  10  hours  at  the  same  temperature  in  vacuo  (1.5-2  . 
mm).  As  we  see  from  Table  1  and  Figure  2,  the  results  of  this  heating  were  negligible,  the  increase  in  the  molecular 
weight  amounting  to  only  450.  This  sample  was  then  heated  In  the  same  vacuum,  but  at  a  higher  temperature  (260*). 
This  immediately  produced  an  abrupt  jump  of  1500  in  the  molecular  weight  (Table  1). 

These  findings  were  used  to  determine  the  reaction  order  and  its  velocity  constant,  Calculation  of  the  vel¬ 
ocity  constants  from  the  usual  formulas  indicated  that  the  constants  calculated  for  a  second-order  reaction  had  a  more 
constant  value;  we  therefore  concluded  that  this  was  a  second -order  reaction,  with  a  velocity  constant  of  0.16 
mln."^"*. 

The  reasons  why  chain  growth  ceases  in  a  polyesterification  reaction.  As  we  see  from  the  figures  in  Table  1, 
the  rate  of  growth  of  the  polyester's  molecule  chain  drops  sharply  as  the  percentage  of  monomers  in  the  reaction  mass 
decreases.  After  9  hours  of  heating,  when  all  the  initial  products  have  been  completely  consumed,  chain  growth  ceases 
almost  completely,  and  even  heating  in  vacuo  for  10  hours  at  the  same  temperature  does  not  produce  as  much  of  a 
change  in  the  molecular  weight  as,  say,  heating  in  a  current  of  nitrogen  at  200*  without  any  vacuum  and  with  only 
1.4*7)  of  sebacic  acid  present  in  the  reaction  mass.  Whence  we  may  conclude  that  the  initial  substances  have  to  be 
present,  even  though  their  percentage  be  small,  to  activate  the  polyesterification  process.  We  checked  this  assump¬ 
tion  by  running  tests  in  which  various  amounts  of  the  acid,  the  glycol,  and  other  substances  were  added  to  the  poly¬ 
ester,  and  the  effect  of  these  additions  upon  the  growth  of  the  polyester  chain  was  observed.  The  Initial  substance  we 
used  was  a  polyester  prepared  from  sebacic  acid  and  hexanediol  under  the  conditions  described  above.  Equimolar 
proportions  of  the  initial  substances  were  used.  The  tests  were  run  as  follows:  a  weighed  portion  of  the  acid  or  of  the 
glycol  was  added  to  a  weighed  portion  of  the  polyester,  and  then  the  polyester  was  heated  to  200*  in  a  current  of  nit¬ 
rogen  for  varying  lengths  of  time.  Then  the  molecular  weight  of  the  polyester  was  determined  from  the  viscosity  of 
its  benzene  solution  (0.5*70  concentration).  The  results  obtained  are  listed  in  Table  2. 

The  results  tabulated  in  Table  3  are  plotted  in  Figure  3.  We  see  from  the  table  and  the  graph  that  adding 
sebacic  acid  or  hexanediol  or  the  two  of  them  together  and  heating  the  mixture  results  in  raising  the  molecular  weight 
of  the  polyester,  the  hexanediol  being  less  effective  than  the  sebacic  acid,  and  the  latter  less  effective  than  the  sim¬ 
ultaneous  addition  of  the  acid  and  the  glycol,  which  yields  the  best  results  as  far  as  increasing  the  molecular  weight 
of  die  polyester  is  concerned.  It  is  worthy  of  note  that  the  percentage  of  glycol  or  acid  added  is  also  important: 
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TABLE  2 


Test 

No. 

Grams  of 
polyester 

Grams  of 

sebacic  acid 
or  glycol 

1o 

added 

by 

weight 

Molar 

ratio  of 

acid  to 
glycol 

Heat¬ 

ing 

time, 

hours 

Specific 
viscosity 
of  a  0.5^7o 
solution 

Mole¬ 

cular 

weight 

1 

2.0376 

- 

- 

- 

5 

0.105 

3577 

2 

3.9933 

0.0599(a) 

0.0349(g) 

1.5 

1:1 

1 

2 

3 

4 

5 

10 

0.123 

0,134 

0.142 

0a54 

0.164 

0.165 

4196 

4565 

4887 

5247 

5587 

5621 

3 

0.4933 

0.0074(a) 

1.5 

- 

5 

0.146 

4974 

4 

0.8800 

0.0132(g) 

1.5 

- 

5 

0.136 

4633 

5 

0.3540 

0.0177(a) 

0.0103(g) 

5 

Isl 

5 

0.142 

4887 

6 

0.4600 

0.0023(cs) 

0.5 

— 

5 

0.205 

6984 

7 

1.0667 

0.0265(a) 

0.0155(g) 

2.5 

1:1 

5 

0.142 

4887 

8 

0.3867 

0.0058(a) 

0.0034(g) 

1.5 

1:1 

5 

0.164 

5587 

when  l.S^yo  is  added,  the  rise  of  the  molecular  weight  is  greater 
than  when  2.5^o  or  is  added.  It  may  be  that  when  the  higher 
percentages  are  added,  the  added  substance  exhibits  a  destruc¬ 
tive  action,  Camphorsulfonic  acid  was  found  to  be  even  more 
effective;  when  only  Q.b°}o  was  added,  it  nearly  doubled  the  in¬ 
crease  in  molecular  weight,  that  is,  it  did  more  than  we  achieved 
by  heating  to  260*  in  vacuo  for  20  hours,  when  we  succeeded  in 
attaining  a  molecular  weight  of  6400.  The  action  of  small  ad¬ 
ditions  may  be  explained  by  merely  assuming  that  these  additives 
act  catalytically,  bringing  about  an  acceleration  of  the  reaction, 
which  is  extremely  slow  when  they  are  not  present.  This  cata¬ 
lytic  effect  IS  present  in  the  glycol  as  well  as  in  The  acid,  a 


1  -  Change  in  molecular  weight  of  the  poly¬ 
ester  during  condensed  polymerization,  by 
the  viscosity  method  (Fig.  2);  2  -change  in 
molecular  weight  when  1.5^  of  hexanediol 
is  added  to  the  polyester;  3  -  change  in 
molecular  weight  when  of  the  initial 
monomers  is  added  to  the  polyester;*  4  -  change 
in  molecular  weight  when  l.b’Jo  of  sebacic 
acid  is  added  to  the  polyester;  5  -  change  in 
molecular  weight  when  l.ffijo  of  the  initial 
monomers  is  added;  6  -  change  in  molecular 
weight  when  O.S^o  of  camphorsulfonic  acid  is 
added. 


stronger  acid  producing  a  greater  effect  even  for  a  lesser  quantity, 

as  we  have  seen  in  the  case  of  camphorsulfonic  acid.  In  all  our  investigated  cases  the  action  of  the  additive  dimin¬ 
ishes  with  time,  which  may  be  due  to  the  gradual  depletion  of  the  catalyst,  as  is  observed  in  the  process  of  its  own 
polyesterification  (Table  1),  It  may  be  concluded,  therefore,  that  the  intial  substances,  i.e.,  the  dicaiboxylic  acid 
and  the  glycol,  act  as  catalysts  during  the  poly  esterification  process,  which  practically  ceases  when  they  are  absent. 
Hence,  the  depletion  of  the  initial  monomers  or  of  specially  added  catalysts  must  be  included  as  another  reason  for  the 
cessation  of  chain  growth  during  a  polyesterification  reaction. 


SUMMARY 

1.  A  study  has  been  made  of  the  kinetics  of  the  polyesterification  of  hexamethylene  glycol  and  sebacic  acid 
under  various  conditions,  including  the  addition  of  acids  and  glycols. 

2.  It  has  be  en  found  that  at  the  start  the  reaction  is  principally  an  interaction  of  the  initial  monomers  with 
each  other,  yielding  low-molecular  polyesters;  but  as  the  process  proceeds,  the  reaction  of  the  polyesters  molecules 
with  one  another  begins  to  predominate,  so  that  toward  the  end  this  process  of  chain  growth  predominates. 

3.  It  has  been  found  that  the  initial  monomers  act  as  catalysts  of  the  polyesterification  process,  the  reaction 
rate  dropping  as  they  are  depleted  and  nearly  reaching  zero  toward  the  end  of  the  reaction  because  of  the  absence 
of  the  monomers. 

*  Notes  to  Table  2:  1)  (a)  denotes  sebacic  acid,  (g)  glycol,  and  (cs)  camphorsulfonic  acid;  2)  The  polyester  used 
in  Tests  7  and  8  was  the  polyester  that  had  been  heated  for  10  hours  in  Test  2. 
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4.  It  has  been  found  that  adding  small  amounts  of  the  monomers  to  the  polyester  and  then  heating  the  latter 
results  in  a  substantial  growth  of  its  chain. 

5.  It  has  been  found  that  among  the  reasons  for  a  cessation  of  chain  growth  in  the  polyesterification  reaction, 
the  depletion  of  the  monomers,  which  act  as  catalysts  and  ate  absolutely  Indispensable  for  the  polyesterification 
process,  play  a  major  part. 

6.  It  has  been  found  that  the  polyesterification  of  glycols  and  dicatboxylic  acids  is  a  reaction  of  the  second 

order. 
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THE  SYNTHESIS  OF  SYMMETRICAL  DI6ROMO*,  DINITRO-, 


AND  SOME  DIHYDROXYAZONAPHTHALENES 


B.  M.  Bogoslovsky  and  Z.  S.  Kazakova 


Compounds  of  the  Hal-R— N=NHR.“Ba;.  os  (O^N)-R~N=N  -R't.NO^)  type,  in  which  halogen  atoms  os  nitro 
groups  replace  hydrogen  atoms  of  benjzene  o:  naphthalene  sing  systems  mat  are  -ymimetrically  arranged  about  the 
azo  group,  cannot  be  synthesizea  by  the  usual  couplirg  mettiOd,  as  we  know,  because  halogen  or  nitio  derivatives 
of  benzene  and  naphthalene  do  no;  enter  into  coupling  reactions.  The  same  difficulties  are  encountered  in  the 
syntheses  of  dihydroxyazo  derivatives  of  naphiheiene  whenever  the  azo  g:.oup  is  not  iocateo.  at  the  usual  coupling 
position,  as  governed  by  the  OH  group.  As  a  lesuit,  w  nenevei  azo  cotTpounds  of  :he  above-roentioned  types  have 
to  be  synthesized,  the  simple  azo  coupling  metnod  has  to  be  abandoned  and  omer,  more  compUcated  methods 
employed,  often  producing  a  very  low  yield  of  the  producr.  It  is  quite  ;rike..y  that  thi^  is  why  so  few  azo  compounds 
of  the  above  mentioned  type  have  been  desc  ribed  In.  iit.  ii  terat-ire. 

One  of  the  present  authors  previousiy  found  [i,  2]  that  w,neL  the  expei'mentar.  conditions  were  modified 
somewhat,  the  wellHknown  Sandmeyer’s  reaction,  which  ereb-es  us  to  procure  symmetrical  derivatives  of  aromatic 
hydrocarbons,  can  also  be  utilized  to  synthesize  hign  yields  of  symmeiricai.  azo  com  po  unds.  As  a  first  approxima¬ 
tion,  we  also  suggested  the  mechanism,  underlying  this  intefestjri,g  coi'yer''ioii  [k].  Beacng  in  mind  that  the  con¬ 
version  objects  in  our  previous  researches  were  cluetly  artv-nes  of  tne  benzene  series,  in  o<i:  further  study  of  the 
feasibility  of  applying  the  method  we  had  dircovered  a;  well  a>  of  Its  m.echa  niiir.  and  of  fae  .  .ondition^  afiectmg 
its  application,  we  took  several  bromo,  nitro,  and  hydroxy  deivativeL;  of  ..-and  2- napi thy.Umine  for  our  tuithe.r 
research.  If  the  process  were  successM,  the  latter  tompounds  ihou.d  yield  the  re^pe  ,tlye  dibromo  •  dinitro-,  and 
dihydroxyazonaphtb.alenes,  not  previously  described  in  tlhe  literature  and  of  .'Ome  interest. 

Our  experiments  bore  out  our  expectations;  we  synthesized  i,i''d’b:omc“2,2"  azo  naphthalene  from  l-bromo'2- 
naphthylamine  ,  d.d’-dibromo  T.l’-azonaphthaiene  from4  bromo-1  naphthyiamine,  5,5*' dibromo-1,1’  azonaphtha¬ 
lene  from-  5“bromo-l“?iap.nth.ylamine,  6,6“‘dinit:0“i,l'’“azonapr-m.alene  trom  5  n'.rro-l-napnthylamine,  4,4'  dinitro-l, 
I'-azonaphthaiene  from  4-i)itro-lH!iaphthylamine,  5,5®“di-hydroxy-i,  i'  azonaphfhaiene  from  i,5-iaminonaphthoL  and 
7,7''drhydroxy-l,i®-azonaphthalene  from  1,7  aminonapbts.ol. 

The  exception  was  the  synthesis,  in  two  cases,  of  drinaphthyl  aerivaiives  instead  of  the  expected  azo  compound, 
which  we  .have  been  unable,  as  yet,  to  expiain  on  theoretjcal  gmund  t''ougb  'h-.s  was  no  stcpilse,  as  we  had  observed 
analogous  instances  previously  [l]s  S  mero  T  naphtnyJamine  yielded  SsS'-dintiro-ijl'vlinaphthyl  instead  of  the  azo 
products,  w:hile  lmitro-2  viapfethyiamme  yielded  l,l'-di,nitiO“2,2"qinaDhtriy].  .T.he  negative  influence  of  a  nitro  group 
in  the  ortho  position  to  the  diazo  group  may  also  be  illustrated  bv  our  failure  to  secure,  2,2*<linit:o  l.l'-azonaph- 
thelene  from  the  diazo  compound  2-nitro-i-naphthylaniine,  tihe  leaction  product  always  farning  out  to  be  nothing 
but  tar.  At  the  same  time  it  is  worthy  of  note  that  no  auch  difficulty  was  encountered  in  synthesizing  me  corres¬ 
ponding  dinitroazonaphthalene  from  d.lazo  -l-n,',tro-2  naphih.ylamine. 

E.XP.ERIMEN  I  aL 

1.  Preparation  of  a  copper  catalyst  solution.  28,5  giams  of  copper  sulfate  was  dissolved  in  100  ml  of  hot 
water,  and  then  30  ml  of  a  25<^  ammonia  solution  was  added.  7  grams  of  hydroxylamine  hydrochloride  dissolved 
in  20  ml  of  water  was  added  to  the  resulting  dark -blue  solution  while  it  was  stiU  warm..  The  amount  of  the  cuprous 
salt  thus  produced  was  used  In  each  of  ti'.e  tests  described  below  (per  0.1  mole  of  the  amine). 

2.  Synthesis  of  Itl'^dibromc  2,2 '-azonaphthalene.  22.2  g:,ams  of  i-bromo-2-napbthylamine  with  an  m.p. 
of  63*,  i»epared  by  the  method  suggested  by  LaJlmann  and  Schmidt  [3]  was  dissolved  by  heating  it  in  18  ml  of 
20^0  hydrochloric  acid  and  7  ml  of  water.  The  resultant  pasty  g'ey  mass  was  cMlled  to  0®  and  then  diazotrzed 
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with  a  solution  of  7  g  of  sodium  nitrite  in  20  ml  of  water,  after  which  it  was  diluted  with  ice  water  to  make  1  liter 
and  filtered.  The  diazo  solution  produced  was  added  during  the  course  of  5  minutes,  with  vigorous  stirring,  to  a 
chilled  solution  of  the  copper  catalyst  (it  is  best  to  remove  the  film  that  is  formed  by  adding  small  amounts  of  ether). 
After  stirring  had  been  continued  for  one  hour,  the  precipitated  reaction  product  was  suction-filtered  out  and  washed 
on  the  filter  successively  with  water,  dilute  hydrochloric  acid,  water,  dilute  alkali,  and  again  witli  water,  after  which 
it  was  dried.  Double  recrystailization  from  toluene  yielded  8.8  g  of  the  pure  product,  or  4(y7o  of  the  theoretical.  Red 
needles  with  an  m.p.  of  252",  which  are  insoluble  in  water  or  alcohol,  and  sparingly  soluble  in  benzene. 

6.296  mg  substance;  0.350  ml  Nj  (22.5*,  733.5  mm)  (Microanalysis  by  the  Dumas  method). 

Found  <7o;  N  6.20.  C„HalS^Br,.  Calculated  °Joi  N  6.36. 

3.  Synthesis  of  4,4*-dibromo-l.l*-azonaphthalene.  22.2  grams  of  4-bromo-l^iaphthylamine,  prepared  by  the 
Meldola  method  [4],  was  diazotized  and  processed  as  set  forth  above.  The  yield  of  the  unpurified  product  was  16.5  g 
or  75*70  of  the  th>eoretical.  Double  recrystailization  from  toluene  yielded  12  g  of  the  pure  product,  or  50*7)  of  the 
theoretical.  Red  needles  with  an  m.p.  of  268*,  slightly  soluble  in  alcohol  and  benzene,  and  insoluble  in  water. 

6.812  mg  substance:  0.374  ml  (23.5*,  728.5  mm).  Found  N  6.07.  CjiHjjl^Bri.  Calculated  <7o;  N  6.36. 

4.  Synthesis  of  5.5*-dibromo-l,l*-azonaphthalene.  22.2  grams  of  5-bromo-l-naphthylamine,  prepared  by  the 
Guareschi  method  [5],  was  diazotized  and  processed  as  set  forth  above.  The  yield  of  the  crude  product  totalled 

18  g,  or  82%  of  the  theoretical.  Double  recrystailization  from  benzene  yielded  8.8  g  of  the  purified  product,  or 
40%  of  the  theoretical.  Dark43rown  needles  with  an  m.p.  of  210*,  insoluble  in  water  or  alcohol,  slightly  soluble 
in  benzene. 

6.886  mg  substance:  0.380  ml  (22*,  731.3  mm).  Found  %:  N  6.14.  C2(H]2N2Br2.  Calculated  %;  N  6.36. 

5.  Synthesis  of  8,8*-dlnitto-l,l*-dinaphthyl.  18.8  grams  of  8-nitro-l-naphthylamine,  prepared  by  the  Meldola 
method  [6],  was  diazotized  in  a  chilled,  strongly  acid  solution  (large  excess  of  cone,  sulfuric  acid).  The  resultant 
diazo  solution  was  quidtly  poured  into  ice  water,  filtered,  and  neutralized  with  ammonia  until  its  reaction  was 
weakly  acid,  after  which  it  was  used  for  reactions  with  the  copper  catalyst  solution  under  the  conditions  described 
above.  The  yield  of  the  cmde  product  was  16.8  g,  or  86%  of  the  theoretical.  Double  recrystailization  from  toluene 
yielded  8.1  g  of  die  pure  product,  or  43.5%  of  the  theoretical.  A  finely  crystalline  yellow  powder  with  an  m.p.  of 
275*  insoluble  in  water  or  alcohol. 

4.671  mg  substance:  0.487  ml  N2  (26.5*,  727  mm).  Found  %:  N  8.09.  C2jHj204]S^.  Calculated  %;  N  8.12. 

6.  Synthesis  of  5.5*-dinitro-l,l*Tazonaphthalene.  18.8  grams  of  5-nitro-l-naphthylamine,  prepared  by  the 
Meldola  method  [6],  was  diazotized  and  processed  under  the  conditions  set  forth  above.  The  yield  of  the  crude 
product  totaled  12.4  g,  or  63%  of  the  theoretical.  Double  recrystailization  from,  toluene  yielded  2.5  g  of  the  pure 
substance,  or  about  14%  of  the  theoretical,  A  yellow  crystalline  powder  with  an  m.p.  of  280*,  insoluble  in  water 
or  alcohol,  and  soluble  in  hot  benzene  and  toluene. 

3.786  mg  substance:  0.513  ml  (23.5*,  728  mm).  Found  %;  N  14.96.  C2,Hi,04l^.  Calculated  %:  N  15.05. 

7.  Synthesis  of  l,l'-dinitr0-2,2*-dinaphthyl.  18.8  grams  of  l^litro-2-naphthylamine  was  diazotized  under  the 
conditions  described  by  Vesely  [7]  (passing  through  a  solution  of  nitronaphthylamine  in  hydrochloric  acid 
chilled  to  0* ,  and  then  removing  the  excess  of  nitrous  acid  with  urea).  The  resultant  diazo  solution  was  then  diluted 
with  ice  water  to  make  1  liter  and  poured  into  the  copper  catalyst  solution,  the  further  processing  being  the  usual 
one  set  forth  above.  The  yield  of  the  crude  product  totaled  8.4  g  or  43%  of  the  theoretical.  Double  recrystailiza¬ 
tion  from  toluene  yielded  2  g  of  the  pure  substance,  or  about  11.5%  of  the  theoretical.  Yellow  needles  with  an 
m.p.  of  264-270*,  insoluble  in  water,  alcohol,  or  acetone,  and  slightly  soluble  in  benzene. 

3.698  mg  substance:  0.284  ml  (23.5*,  728  mm).  Found  %:  N  8.47.  C28Hi204b^.  Calculated  %;  N  8.12. 

8.  Synthesis  of  4,4*-<iinitro"l,l*-azonaphthalene.  18.8  grams  of  4-nitro-l-naphthylamine,  prepared  by  nitrating 
and  then  saponifying  1-acetonaphthylamine  [8],  was  diazotized  and  processed  under  the  conditions  set  forth  above. 

The  yield  of  the  crude  product  was  14  g,  or  about  72%  of  the  theoretical.  Double  recrystailization  from  toluene 
yielded  2  g  of  the  pure  product,  or  about  11.5%  of  the  theoretical.  A  yellow  crystalline  powder  with  an  m.p.  of 
310*,  insoluble  in  water  or  alcohol,  and  slightly  soluble  in  benzene  and  toluene. 

4.297  mg  subsiance:  0.596  ml  (25.5*,  727  mm).  Found  %:  N  15.16.  C2,Hu04N4.  Calculated  %;  N  15.05. 
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9.  Synthesis  of  5,5*-dihydroxy-l,l*'azonaphthalene.  19.4  grams  of  1, 5-amino naphthol  hydrochloride  was  dis¬ 
solved  in  25  ml  of  cone,  hydrochloride  acid  and  50  ml  of  water.  The  solution  was  then  chilled  to  2  to  3*  and  diazo- 
tized  with  a  solution  of  7  g  of  sodium  nitrite  in  20  ml  of  water  (the  process  is  rapid,  and  is  accompanied  by  con¬ 
siderable  foaming).  The  diazo  solution  was  then  diluted  with  ice  water  to  make  1  liter,  filtered,  and  processed  as 
described  above.  Double  recrystallization  from  pyridine  yielded  2.85  g  of  the  pure  azo  compound,  or  bAPfo  of  the 
theoretical.  A  dark-blue  powder  with  an  m.p.  of  360*.  It  dissolves  in  alkalies,  coloring  them  dark  red,  is  sparingly 
soluble  in  alcohol  and  in  toluene  and  hreely  soluble  in  pyridine. 

4.817  mg  substance:  0.390  ml  (26.5*,  732  mm).  Found  ’’Jo:  N  8.96.  Ct|H]40|N|.  Calculated  °]o:  N  8.91. 

10.  Synthesis  of  7,7*-dihydroxy-l,l*-azonaphthalene.  19.4  grams  of  amino  naphthol  hydrochloride  was  dia- 
zotized  and  processed  under  the  conditions  specified  for  the  previous  case.  Recrystallization  from  alcohol,  fol¬ 
lowed  by  another  recrystallization  from  acetone,  yielded  13.5  g  of  the  azo  product,  or  86<^  of  the  theoretical. 

A  black  powder  with  an  m.p.  above  360*.  It  dissolves  in  alkalies,  coloring  them  red,  and  is  sparingly  soluble 
in  alcohol,  benzene,  acetone,  and  pyridine. 

4.647  mg  substance:  0.367  ml  1^  (25.5*,  733  mm).  Found  %  N  8.71.  Calculated  <|jb:  N  8.91. 
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THE  N-ARYL  AMIDES  OF  HYDROXY  CARBOXYLIC  ACIDS 
AND  THEIR  CONVERSION  INTO  HETEROCYCLIC  COMPOUNDS 


XVIL  THE  INTRAMOLECULAR  CONDENSATION  OF  ARYL  AMIDES  OF 


6. 6 -DIPHENYL-6 -HYDROXYPROPIONIC  ACID 


P.  A.  Petyunin  and  A.  S.  Pesis 


The  aryl  amides  of  S.S-diphenyl-B-hydroxypropionic  acid  form  halochromic  salts  with  concentrated  sulfuric 
acid.  Inasmuch  as  these  salts  are  looked  upon  as  active  coordination  compounds  [1],  in  which  intramolecular  con¬ 
densation  may  occur,  we  were  interested  in  the  feasibility  of  converting  the  aryl  amides  of  6, 6 -diphenyl -6 -hydroxy- 
propionic  acid  into  the  respective  heterocyclic  compounds. 

The  possible  intramolecular  conversions  within  the  cation  of  the  halochromic  salt  of  6 , 6 -diphenyl-6 -hydioxy- 
proplonanilide  may  be  represented  as  follows; 


(C,Hb),C-CH-CONH 

W  <■>  \ 


I%S04  + 


(C,H,),C=CH-C0NH 


o 


+  H,S04. 


Coordination  of  the  carbonium  carbon  atom  with  the  ortho  carbon  atom  of  the  phenyl  radical  attached  to  the  nitro¬ 
gen  results  in  the  formation  of  4,4-dlphenylhydrocarbostyril  (II).  On  the  other  hand,  the  carbonium  carbon  atom  can 
be  coordinated  with  the  carbon  of  the  methylene  group,  which  would  then  have  to  yield  6,6-diphenylacrylanilide 
(III).  Hence,  the  carbonium  ion  of  the  halochromic  salt  of  an  aryl  amide  of  6,6 -diphenyl-6 -hydroxyproplonic  acid 
has  two  nucleophilic  centers,  the  carbonium  carbon  atom  being  able  to  coordinate  with  one  center  or  the  other, 
depending  upon  the  reaction  conditions. 

Experiments  have  fully  confirmed  our  conjecture.  When  we  reacted  6, 6 -diphenyl-6 -hydroxyproplonanilide 
with  concentrated  sulfuric  acid,  we  secured  two  substances:  one  with  an  m.p.  of  131*,  and  another  with  an  m.p. 
of  2-^. 2-243.5*.  The  first  one  satisfied  the  figures  given  in  the  literature  for  6,6-diphenylacrylanilide  [2].  When 
we  oxidized  it  with  potassium  permanganate  in  an  alkaline  medium,  we  secured  benzophenone,  which  established 
that  the  structure  of  the  substance  with  an  m.p.  of  131*  was  that  of  6,6-diphenylacrylanilide  (HI). 

The  second  substance  is  not  affected  by  a  slightly  alkaline  solution  of  potassium  permanganate  and  has  a 
high  melting  point,  which  is  typical  of  the  type  of  heterocyclic  compounds  we  have  been  studying.  These  facts, 
as  well  as  the  findings  of  a  complete  analysis,  enable  us  to  assign  the  second  possible  structure  to  the  substance 
with  an  m.p.  of  242.5-243.5*,  namely,  4,4-diphenylhydrocarbostyril  (II),  in  conformity  with  the  theory  of  chemical 
structure. 

In  order  to  extend  the  methods  of  synthesizing  the  aryl  amides  of  6,6-diphenylacrylic  acid,  we  ran  tests 
with  (C^)|C(OH)CH,CONHAr  where  Ar  =  PC4H4CH,,  oCjHiCH,,  p  C4H4OCH,  and  pC4H4pC,I%.  The  reaction 
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was  simple,  no  more  than  10  minutes  being  required  for  completion  of  the  experiment,  and  the  product  being  secured 
in  the  individual  state  with  a  yield  of  The  properties  of  the  synthesized  aryl  amides  of  6,6-diphenylacrylic 

acid  are  listed  in  Table  1. 


TABLE  1 


The  aryl  amides  of  6, 6 -diphenyl- 
acrylic  acid  may  be  synthesized,  with 
less  satisfactory  results,  in  the  presence 
of  anhydrous  zinc  chloride.  The  reaction 
then  requires  a  longer  time  at  higher  tem¬ 
perature,  and  the  yield  of  the  reaction 
product  is  lower. 

Research  during  the  past  few  years 
has  established  the  presence  of  an  an¬ 
esthetic  effect  of  esters  of  6,0 -diphenyl- 
acrylic  acid  [4].  In  this  connection, 

the  development  of  ways  of  synthesizing  aryl  amides  of  6,6-diphenylacrylic  acid  and  a  study  of  their  properties  are 
of  Indisputable  interest  in  identifyir^  this  class  of  anesthetics. 


No. 

Aryl  amide  formula 

Melting 

point 

Melting  p  oint 
given  in  the 
literature 

1 

(C6H5)2C= CHCONHC^Hj 

131* 

130  - 131’  [2] 

2 

(C,H5)jC==CHCONHC,H4CH3-  p 

158.5 

3 

(C,H5),C=  CHCONHC,H4pH3-o 

141 

4 

(c,H5),c = c  hconhc,h/x:2H5- p 

157 

5 

(C,H5),C=CHCONHC3H4pCH3-p 

165 

163*  [3] 

Aryl  amides  of  6,6-diphenyl-6-hydroxyptopionic  acid 


(C,H5),C(OH)CH,CONHAr, 

where  Ar  =  p-Cjll4CHj,  o-CsH4CH3,  a  and  6-C16H7,  were  used  in  synthesizing  derivatives  of  4,4-diphenylhydro- 

carbostyril.  The  properties  of  the  synthesized  compounds  are  givein  in  Table  2. 


The  product  of  the  intramolecular  condensation  of  the 
6 -naphthalide  of  0,0 -diphenyl-0 -hydroxypropionic  acid  has 
been  assigned  the  structure  of  an  angular,  rather  than  a  lin¬ 
ear  isomer  (Formula  5).  In  so  doing  we  were  guided  by  the 
fact  that  angular  isomers  are  the  principal  products  of  the 
Skraup  synthesis  of  the  naphthoquinolines  rather  than  linear 
ones  [5].  Moreover,  when  Lellmann  and  Schmidt  [6]  performed 
the  reaction  with  1-bromo-and  l-nitro-2-aminonaphthalene, 
they  secured  the  angular  isomer  instead  of  the  linear  one. 

When  we  comp  are  the  Intramolecular  formation  of 
an  ethylenic  bond  with  the  closure  of  a  heterocyclic  ring 
in  the  aryl  amides  of  0,0-dipheny  1-0 -hydroxy propionic  acid, 
we  note  that  the  former  takes  place  much  more  easily  than 
the  latter.  Formation  of  an  aryl  amide  of  0,0-diphenyl- 
acrylic  acid  requires  less  heating  time,  and  anhydrous  zinc 
chloride  may  be  utilized  as  the  dehydrating  agent,  though 
anhydrous  zinc  chloride  proved  to  be  utterly  useless  for 
intramolecular  ring  closure. 

Inasmuch  as  the  aryl  amides  of  0,0-diphenylacrylic 
acid  we  synthesized  form  colored  halochromic  salts  with 
cone,  sulfuric  acid,  we  were  interested  in  the  feasibility 
of  converting  them  into  derivatives  of  tetrahydroquino- 
line.  To  do  that,  we  dissolved  aryl  amides  of  0,0 -diphenyl- 
acrylic  acid  in  cone,  sulfuric  acid,  heating  the  resulting 
yellow  solution  until  it  turned  emerald  green.  This  yielded 
a  compound  that  was  the  same  as  the  product  of  the  con¬ 
densation  of  the  aryl  amides  of  0,0 -diphenyl-0 -hydroxy- 
propionic  acid.  The  foregoing  may  be  illustrated  by  the 
following  diagram.- 
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(C«H5)jCOH 


T" 

f 

NH 


SO4H 


4^504 


(CgHgkC 


tH 

NH 


\ 


NH 


The  reaction  was  carried  out  with  (CgH5)jC=CHCONHAr,  where  Ar  =  CjHj,  p-CgH4CHj  and  0-CJH4CHJ.  Using  these 
examples,  we  established  that  aryl  amides  of  6,0-diphenylacrylic  acid  could  be  converted  into  derivatives  of  4,4- 
diphenylhydrocarbostyril  by  the  action  of  cone,  sulfuric  acid. 

The  aryl  amides  of  6 ,6 -diphenyl-6 -hydroxy propionic  acid  are  condensed  more  slowly  than  aryl  amides  of 
benzilic  acid.  Closure  of  the  heterocyclic  ring  usually  requires  several  minutes  of  heating  on  a  water  bath  (80-90®), 
whereas  in  aryl  amides  of  benzilic  acid  the  five-membered  ring  is  closed  within  30  seconds  at  50*  [7].  Intramol¬ 
ecular  ring  closure  in  the  cation  of  a  halochiomic  salt  is  an  electronophilic  reaction,  the  difference  in  the  ease 
of  ring  closure  between  the  aryl  amides  of  8 ,6-diphenyl-6-hydroxypropionic  acid  and  those  of  benzilic  acid  being 
attributable  to  the  differences  between  the  electronophilic  activity  of  the  carbonium  carbon  atoms  in  the  cations 
of  their  halochromic  salts. 

In  the  cation  (A)  the  repulsion  of  electrons  by  the  CH^  group  diminishes  the  electronophilic  activity  of 
the  carbonium  carbon  atom,  while  in  the  cation  (B),  the  polarization  of  the  C=0  group  and  the  attraction  of 
electrons  adds  to  the  positive  charge  on  the  carbon  atom  and  accelerates  the  velocity  of  ring  closure.  Further¬ 
more,  there  can  be  no  doubt  that  the  differences  in  the  distances  between  the  reaction  centers  also  make  themselves 
felt  in  closure  of  the  six-  and  five-merobered  rings.  Another,  no  less  significant,  fact  is  that  substituents  attached  to 
the  nitrogen  atom  of  the  radical  affect  the  closure  of  six- and  five-membered  rings  differently.  Such  substituents 
as  Aik  or  OAlk  either  do  not  affect  the  closure  of  the  five-membered  ring  in  aryl  amides  of  benzilic  acid  when  they 
are  in  the  ortho  or  para  position  to  tfte  amide  group  or  else  this  influence  is  so  slight  as  to  be  practically  negigible 
[8].  Another  state  of  affairs  is  seen  in  the  condensation  of  the  aryl  amides  of  6, 6 -diphenyl-6 -hydroxypropionic 
acia  voien  strong  Class  I  orienting  gioups  are  present  in  their  ladicals  attached  to  the  nitrogen  atom  at  the  para 
posiuon  to  the  aryl  amide  group.  We  ran  our  experiments  with 


R' 


>NHCOCH2C(OH)(CgH5), 


where  R  =  OCH3  and  CX^Hs-  The  reaction  was  carried  out  on  a  boiling  water  bath  (30  to  40  minutes).  This  yielded 
the  p-aniside  and  the  p^ihenetide  of  6,6 -diphenylacrylic  acid,  no  ring  closure  taking  place.  Considerable  tarring 
ocemred  when  a  higher  temperature  was  used  or  heating  was  continued  for  a  longer  time. 


We  know  that  Class  I  orienting  groups  have  been  found  to  oppose  cyclization  in  the  synthesis  of  quinoline 
derivatives.  Marckwald  and  Schmidt  [9],  for  example,  found  that  acetylacetone  does  not  yield  aminoquinoline  when 
reacted  with  p-phenylenediamine  in  a  Dobner-Miller  reaction.  Roberts  and  Turner  [10]  used  a  series  of  examples 
to  show  that  strong  Class  I  orienting  groups  prevent  the  formation  of  quinoline  derivatives  when  they  are  in  the 
para  position  to  the  nitrogen  atom. 


EXPERIMENTAL 

6 , 6 -Oiphenylacrylanilide.  a)  5  ml  of  cone,  sulfuric  acid  was  added  to  a  solution  of  1  g  of  6,6-diphenyl- 
6-hydroxypiopionanilide  in  5  ml  of  glacial  acetic  acid.  The  reaction  mass  was  heated  on  a  water  bath  (80-90°) 
for  10  mLnutes,  the  color  of  the  mass  changing  from  yellow  to  ruby^ed.  The  contents  of  the  flask  were  then  pouted 
out  mto  water,  the  reaction  product  being  recovered  in  the  usual  manner.  This  yielded  0.7  g  of  substance,  or  74<7o 
of  the  theoretical.  The  anilide  was  insoluble  in  water,  but  dissolved  when  heated  in  the  usual  organic  solvents. 

It  crystallized  from  alcohol  as  colorless  needles  with  an  m.p.  of  131*.  When  it  was  oxidized  with  potassium  perman¬ 
ganate  in  an  alkaline  medium, weobtained  a  substance  with  an  m.p.  of  47®,  which  agrees  with  the  figure  given  in  the 
literature  for  benzophenone  [11].  The  m.p.  of  6,6-diphenylacrylanilide  is  given  as  131*  in  the  literature  [2]. 
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b)  1  Gram  of  0,6 -diphenyl -6 -hydroxypropionanilide  was  heated  to  180-190*  for  45  minutes  with  1  g  of  an¬ 
hydrous  zinc  chloride.  The  melt  was  pulverized,  and  the  reaction  product  extracted  with  hot  alcohol.  This  yielded 
0.35  g  of  substance,  or  ZQ°Io  of  the  theoretical.  It  crystallized  from  alcohol  as  colorless  needles  with  an  m.p.  of 
130-131*.  Its  mixed  melting  point  with  the  substance  produced  in  the  preceding  experiment  exhibited  no  depression. 

Found  Ifo:  N  4.84,  4.96.  CjiHijON.  Calculated  <7o:  N  4.67. 

6 , 0 -Diphenylacrylo-o-toluide.  The  initial  substances  were:  a  solution  of  0.5  g  of  the  ortho  toluide  of  6,0- 
diphenyl-6-hydroxypropionic  acid  in  5  ml  of  glacial  acetic  acid  and  2  ml  of  cone,  sulfuric  acid.  The  yield  was 
0.4  g  of  substance,  or  85%  of  the  theoretical.  Colorless  needles  (from  alcohol)  with  an  m.p.  of  141*. 

0.0125  g  substance:  3.95  ml  0.01  N  1^804.  0.0112  g  substance:  3.75  ml  0.01  N  H2SO4.  Found  %: 

N  4.42  ,  4.68.  CjjHijON.  Calculated  %;  N  4.46. 

0 , 0 -Diphenylacrylo-p-toluide.  The  p -toluide  of  0,0 -diphenyl-0 -hydroxypropionic  acid  was  dehydrated  with 
cone,  sulfuric  acid,  the  yield  being  83%  of  the  theoretical.  Colorless  needles  (from  alcohol)  with  an  m.p.  of  158.5*. 

Oxidation  of  the  0,6-diphenylactylo-2-toluide  with  potassium  permanganate  in  an  alkaline  medium  yielded  benzo- 
phenone  (m.p.  47*)  [11]. 

0.0166  g  substance:  5.43  ml  0.01  N  HJSO4.  0.0172  g  substance:  5.72  ml  0.01  N  H2SO4.  Found  %;  N  4.58, 

4.6.  CaHijON.  Calculated  %:  N  4.46. 

0 , 0 -Diphenylacrylo-p-aniside.  Initial  substances:  a  solution  of  0.8  g  of  the  para  aniside  of  0,0-diphenyl- 
0 -hydroxypropionic  acid  in  4  ml  of  glacial  acetic  acid  and  5  ml  of  cone,  sulfuric  acid.  This  yielded  0.61  g,  or 
84%  of  the  theoretical.  Crystallization  from  alcohol  yielded  minute  needles  with  an  m.p.  of  165*.  The  m.p.  of 
0,0-diphenylactylo-2-aniside  is  given  as  163*  in  the  literature  [3]. 

Found  %:  N  4.08,  4.04.  CjiH^OiN.  Calculated  %:  N  4.25. 

0 , 0  -OipJienylacrylo^-phenetide.  This  was  synthesized  by  heating  a  solution  of  the  para  phenetide  of 
0. 6 -diphenyl-0 -hydroxypropionic  acid  with  cone,  sulfuric  acid.  The  yield  totaled  75%  of  the  theoretical.  Color¬ 
less  needles  (from  alcohol)  with  an  m.p.  of  157*. 

0.0134  g  substance:  3.9  ml  0.01  N  H2SO4.  0.0105  g  substance:  3  ml  0.01  N  H2SO4.  Found  %:  N  4.07, 

4.  C2,F%i02N.  Calculated  %:  N  4.08. 

4.4- Diphenyl-g-oxotetrahydroquinoline.  (4,4-Diphenylhydtocarbostyril).  a)  0.5  g  of  6,6-diphenyl-  0  -hyd- 
roxypropionanilide  was  heated  on  a  water  bath  (80-90*)  with  2.5  ml  of  cone,  sulfuric  acid  until  all  the  anilide  had 
dissolved  and  the  mixture's  bright-yellow  color  had  turned  emerald-green.  After  the  reaction  mass  had  cooled  it 
was  poured  into  five  times  its  weight  of  water.  The  resulting  precipitate  was  processed  in  the  usual  manner,  yield¬ 
ing  0.47  g  or  95%  of  the  theoretical.  The  substance  was  insoluble  in  water,  though  freely  soluble  in  acetone  and 
chloroform.  It  crystallized  from  alcohol  as  colorless  needles  with  a  m.p.  of  242.5-243.5! 

b)  0.5  g  of  0,0-diphenylacryloanilide  was  heated  on  a  boiling  water  bath  with  2.5  ml  of  cone. sulfuric  acid  for 
20-25  minutes.  The  reaction  product  was  precipitated  as  in  the  preceding  experiment  yielding  0.4  g  of  the  substance, 
or  80%  of  the  theoretical.  Colorless  needles  (from  alcohol)  with  a  m.p.  of  242.5-243.5*.  Its  mixed  melting  point 
with  the  4,4-diphenylhydrocarbostyril  synthesized  in  the  first  test  exhibited  no  depression. 

0.1042  g  subs.:  0.3211  g  CO2;  0.0539  g  1^0.  0.1032  g  subs.:  0.3182  g  COj!  0.0516  g  H2O.  0.2630  g  subs.: 

8.54  ml  0.1  N  1^804.  0.1840  g  subs.:  6  ml  0.1  N  H28O4.  0.0117  g  subs.:  0.0959  g  camphor:  At  16.2*. 

Found  %:  C  84.1,  84.14;  H  5.79,  5.55;  N  4.54,  4.66;  M  301.  C2iH„ON.  Calculated  %:  C  84.28;  H  5.69; 

N4.67;  M  299. 

4.4-  Diphenyl -2 -0x0-6 -methyltetrahydroquinoline.  (4,4-Diphenyl-6-methylhydrocarbostyril).  a)  Initial  sub¬ 
stances;  1  g  of  the  p- toluide  of  6,0-diphenyl-  6 -hydroxypropionic  acid  and  4.5  ml  of  cone. sulfuric  acid.  This 
yielded  0.9  g  of  substance,  or  94%  of  the  theoretical.  Crystallization  from  glacial  acetic  acid  yielded  tetrahedral 
prisms  with  a  m.p.  of  289*. 

b)  We  used  the  following  for  the  reaction:  0.3  g  of  the  p -toluide  of  6,6-diphenylacrylic  acid  and  1.5  ml  of 
conc.sulfuric  acid.  The  yield  was  0.2  g,  or  66%  of  the  theoretical.  Colorless  prisms  (from  glacial  acetic  acid)  with 
a  m.p.  of  289*.  Their  mixed  melting  point  with  the  4,4-diphenyl-6-methylhydrocarbostyril  synthesized  in  the  pre¬ 
ceding  test  exhibited  no  depression. 
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3.245  mg  subs.;  10.043  mg  COj;  1.890  mg  1^0.  3.010  mg  subs.:  9.340  mg  COj;  1.650  mg  1^0.  7.140  mg 
,  subs.;  0.303  ml  1^  (24“,  743  mm).  6.070  mg  subs.:  0.262  ml  (24“,  743  mm).  FoundCyo;  C  84.38,  84.60; 

H  6.51,  6.13;  N  4.67,  4.73.  C,iHiPN.  Calculated^/o  :  C  84.34;  H  6.07;  N  4.47. 

4,4-Diphenyl-2  -oxo-8  -methyltetrahydroquinoline.  (4,4-Diphenyl“8  -methylhydrocarbostyril).  a)  We  used 
the  following  for  the  reaction;  1  g  of  the  o-toluide  of  6, 6 -diphenyl-6 -hydroxypropionic  acid  and  4.5  ml  of  cone, 
sulfuric  acid.  The  yield  totaled  0.93  g,  or  94,31|t)  of  the  theoretical.  Crystallization  from  alcohol  yielded  color¬ 
less  lamellae  with  a  m.p.  of  198, 5*. 

b)  Initial  substances;  0.5  g  of  the  o-toluide  of  6,0-diphenylacrylic  acid  and  2.5  ml  of  cone. sulfuric  acid. 
This  yielded  0.42  g  of  substance,  or  84^0  of  the  theoretical.  Colorless  lamellae  (from  alcohol)  with  a  m.p.  of 
198.5*.  Their  mixed  melting  point  with  the  4, 4-diphenyl-8 -methylhydrocarbostyril  synthesized  by  the  intramolec¬ 
ular  condensation  of  the  anilide  of  8, 6 -diphenyl- 6  -hydroxypropionic  acid  exhibited  no  depression. 

0.1742  g  subs.:  5.62  ml  0.1  N  HtS04.  0.1100  g  subs.:  3.5  ml  0.1  N  1%S04. 

Found'ifo;  N  4.51,  N  4.45.  C^HiPN.  Calculated<7o:  N  4.46. 

4,4- Diphenyl-2  -oxo-7 , 8  -benzotetrahydroquinoline.  (4,4-Diphenyl-  a-naphthohydrocarbostyril ).  Initial 
substances:  1  g  of  the  a-naphthalide  of  6, 6 -diphenyl- 6  -hydroxypropionic  acid  and  5  ml  of  cone,  sulfuric  acid. 
The  yield  was  95^  of  the  theoretical.  It  crystallized  from  alcohol  as  colorless  rhombi  with  a  m.p.  of  280*. 


0.2200  g  subs.5  6.75  ml  0.1  N  H,S04.  0.2120  g  subs.:  6.2  ml  0.1  N  H,S04. 
Found'7o:  N  4.29,  4.1.  CjjHi^N.  Calculated*^;  N  4.01. 


4, 4-Diphenyl-2  -oxo-5.6-benzotetrahydroquinoline.  (4,4- Diphenyl- 0 -naphthohydrocarbostyril).  This  was 
synthesized  by  condensing  the  6-naphthalide  of  0 , 0 -diphenyl- 6  -hydroxypropionic  acid  intramolecularly,  using 


conc.sulfuiic  acid.  The  yield  was  90*^  of  the  theoretical.  Colorless  elongated  needles  (from  CCI4)  m.p.  285*. 

0.1500  g  substance:  4.4  ml  0.1  N  H,S04.  0.1702  g  substance;  5  ml  0.1  N  H,S04.  Found  ojo'  N  4.10,  4.11. 


CjbHijON.  Calc.t/o:  N  4.01. 


SUMMARY 


1.  It  has  been  found  that  there  are  two  nucleophilic  centers  in  the  carbonium  ion  of  a  halochromic  salt  of 
aryl  amides  of  0,0 -diphenyl- 0  -hydroxypropionic  acid,  the  carbonium  carbon  atom  being  able  to  coordinate  with 
one  center  or  the  other,  depending  upon  the  reaction  conditions,  giving  rise  to  aryl  amides  of  0,0-diphenylacrylic 
acid  or  4,4-dlphenylhydrocarbostyril  and  its  derivatives.  Anhydrous  zinc  chloride,  as  well  as  conc.sulfuiic  acid,  may 
be  employed  in  synthesizing  the  aryl  amides  of  0,0-diphenylaciyllc  acid. 


2.  It  has  been  shown  that  the  dehydration  of  the  aryl  amides  of  0,B-diphenyl-S  -hydroxypropionic  acid  may 
be  successfully  utilized  as  a  preparative  method  of  securing  aryl  amides  of  0,0-diphenylacrylic  acid.  Several  com¬ 
pounds  not  described  previously  in  the  literature  have  been  synthesized. 


3.  The  intramolecular  condensation  of  aryl  amides  of  0,6- diphenyl- 0 -hydroxypropionic  acid  and  of  0,0-di¬ 
phenylacrylic  acid  has  been  employed  in  developing  a  method  of  synthesizing  4,4-diphenylhydrocarbostyril  and  its 
derivatives.  Several  compounds  not  described  previously  in  the  literature  have  been  synthesized. 

4.  The  aryl  amides  of  6, 0- diphenyl- 0  -hydroxypropionic  acid  are  condensed  less  rapidly  than  the  aryl  am¬ 
ides  of  benzilic  acid,  which  is  attributable  to  the  differing  electrophilic  power  of  the  carbonium  carbon  atoms  of  the 
cations  of  their  halochromic  salts. 


5.  It  has  been  found  that  when  the  aryl  amides  of  0, 0 -diphenyl- 0 -hydroxypropionic  acid  contain  Class  I 
orienting  groups  in  the  p  -position  to  the  radical  attached  to  the  nitrogen  atom,  the  reaction  is  confined  to  dehydra¬ 
tion,  no  condensation  taking  place. 
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SYNTHESIS  OF  ESTERS  OF  PHOSPHINIC  ACIDS 
THAT  CONTAIN  HETEROCYCLIC  RADICALS 

11.  ETHYL  ESTERS  OF  PHOSPHINIC  ACIDS  WITH  HETEROCYCUC  RADICALS  THAT  CONTAIN  OXYGEN 

6. A. Arbuzov  and  B.P.Lugovkin 


In  OUT  preceding  report  [1]  we  cited  data  on  the  synthesis  of  esters  of  i^osphinic  acids  that  contained  thiazole 
radicals.  In  the  present  report  we  set  forth  the  details  of  the  syntheses  we  have  effected  of  ethyl  esters  of  phosphinic 
acids  that  contain  radicals  with  one  or  two  oxygen  atoms.  No  such  compounds  have  been  previously  investigated  in 
the  literature,  nor  are  there  any  data  to  be  found  on  them. 

We  were  able  to  synthesize  several  ethyl  esters  of  phosphinic  acids  that  contained  oxygen  heterocyclic  rings, 
by  utilizing  the  A.E.Arbuzov  reaction,  in  which  halogen  derivatives  ate  reacted  with  trialkyl  phosphites,  or  the  re¬ 
action  in  which  halogen  derivatives  are  reacted  with  diethylphosphorous  acid. 


The  action  of  triethyl  phosphite  upon  o-epiiodohydrin,  for  example,  yielded  the  ethyl  esther  of  a-phosphono- 
B,  y- epoxypropane  (I)  with  a  three-membered  oxide  ring:  jj) 

CH,— CHCHjI  +  P(OC,H^  j  -►  CHj— CHCHjIXOCjHs),  +  CjHgl. 

(I) 

Reacting  sodium  diethylphosphite  with  a-biomomethylfuian  yielded  the  diethyl  ester  of  a-furfurylphosiAinic 
acid  (H). 

Analogously  by  reacting  sodium  diethylphosphite  or  triethyl  phosphite  with  a -bromomethyltetrahydrofuran — 
we  synthesized  the  ethyl  ester  of  a-tetrahydrofurfurylphosphinic  acid  (HI); 


CH*-  CH, 


HCH,Br  +  P(0C,H5), 


CH,-CH, 

CH,  CHCHji^OCjH,),  +  CjHgBr. 

(in) 

Saponifying  the  esters  of  a-furfuryliAosphinic  and  a-tetrahydrofurfurylphosphinic  acids  with  hydrochloric  acid 
results  in  tarring  of  the  product.  Saponification  with  an  alkali  yielded  the  respective  phosphinic  acids  as  noncrystal¬ 
lizing  syrups,  which  were  analyzed  as  their  barium  salts. 

The  action  of  sodium  diethylphosphite  upon  a-bromomethyltetrahydropyran  produced  satisfactory  yields  gf  the 
ethyl  ester  of  a-phosphonotetrahydropyran  (IV). 

Attempts  to  secure  esters  of  phosphinic  acids  from  a,B-dibromomethyltetrahydro- 
pyran  by  reacting  it  with  sodium  diethylphosphite  met  with  failure.  When  the  reaction 
was  carried  out  in  anhydrous  ether,  the  sodium  diethylphosp^te  split  off  hydrogen  bro¬ 
mide,  which  reacted  with  the  sodium  diethylphosphite  to  yield  B-bromodlhydropyxan 
in  conformity  with  the  following  equations: 

'  CHBr  /\c  -Br 


CH, 

k  iHP(OC,H,), 
0  (IV) 


i^^CHBr 


+  (C,Hjp),PONa  (C,H50),P0H  + 


o 


4  NaBr. 


CH 
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Nor  was  any  success  obtained  in  attempts  lo  exchange  the  bromine  atom  in  the  6"bromodihydropyran  for  a 
diethylphosphono  radical  by  the  action  of  triethyl  phosphite.  No  reaction  took  place  even  when  the  mixture  was 
heated  to  160*,  both  of  the  reagents  being  recovered  unchanged. 

With  a  view  to  securing  phosphi  nic  acids  with  heterocyclic  radicals  that  contained  two  oxygen  atoms  we  made 
a  study  of  the  action  of  triethyl  phosphite  upon  derivatives  of  4-chloromethyldioxolan-l,3.  The  reaction  took  place 

as  follows:  CHj-CH-CHj-jj-fOCiHs)* 

1)  +P(0C2H,),  =  ^  A  +C1H5CI. 

r^Ni*  R 

The  reactions  resulted  in  the  synthesis  of  the  following  phosphinic  acids:  4-phosphonomethyldioxolan-l,3  (V) 
(R  =  H:  R'  =  H);  4-phosphonomethyl-2,2-dimethyldioxolan-l,3  (VI)  (R  =  CH,;  R’ =  CH,);  4-phosphonomethyl- 
2-phenyldioxolan-1.3  (VII)  (R  =  H;  R' =  CgHs);  and  4-phosphonomethyl-2 -p-anisyldioxolan-1,3  (VIII)  (R  =  H; 

R’  =  C,H4PCH,). 

It  is  worthy  of  note  that  we  were  unable  to  secure  an  ester  of  4-phosphonomethyldioxolan-l ,  3  by  reacting  4- 
chloromethyldioxolan-1.3  with  sodium  diethyl  phosphite. 

Alkaline  saponification  of  estera  of  y  ~4-pAiosphonomethy Id ioxolans  resulted  in  cleavage  of  the  dioxo- 
lan  ring,  yielding  0,y-dihydroxypropylphosphinic  acid,  in  addition  to  the  respective  aldehyde  or  ketone. 

The  consunts  of  the  synthesized  esters  of  phosphinic  acids  are  given  in  the  table. 

EXPERIMENTAL 

Action  of  a-bromomethylfiiran  on  sodium  diethylphosphite.  16  g  of  phosphorus  tribromide  in  25  ml  of  an¬ 
hydrous  ether  was  added  at  25-30*  to  16  g  of  a-furfuryl  alcohol  (b.p.  69-71*  at  11  mm;  1.4850)  dissolved  in 
100  ml  of  anhydrous  ether.  The  yield  of  furfuryl  bromide  was  uken  to  be  IQPIo  (18.4  g;  26.2  g  theoretically)  [2]. 
After  the  synthesized  bromide  had  been  treated  with  fused  potash,  it  was  poured  into  an  ether  solution  of  sodium  di¬ 
ethylphosphite,  prepared  from  17.4  g  of  diethylphosphorous  acid  (15,8  g  being  called  for)  and  2.6  g  of  metallic  sod¬ 
ium  in  150  ml  of  anhydrous  ether  during  45  minutes.  The  precipitated  sodium  bromide  was  filtered  out  and  washed 
with  ether.  The  ether  was  driven  off  and  the  residue  was  distilled  in  vacuo. 

The  ethyl  ester  of  a-furfuryli^osphinic  acid  distilled  at  115-120*  and  2  mm  as  a  colorless  liquid  that  was 
freely  soluble  in  water;  nJJ  1,4665,  yield  14.1  g  (56. 5*55)  of  the  theoretical).  After  redistillation  the  ester  had  a  b.p. 
of  117-120*  at  2  mm. 

n^  1.4670;  d|j}  1.1473. 

0.0956  g  subs.;  25.25  ml  NaOH  (T  =  0.0191).  Founder  P  13.97.  C9H15O4P.  Calculated <7o;  P  14.22. 

Hydrolysis  of  the  ester.  1)  Acidic  saponification  of  the  ester  by  dilute  hydrochloric  acid  (1:2)  in  a  sealed  tube 
at  100-110*  for  6  hours  yielded  a  tarry  product. 

2)  1.5  g  of  the  substance  was  boiled  for  4  hours  with  1  g  of  sodium  hydroxide  in  50  ml  of  water.  After  the 
solution  had  been  evaporated  to  small  volume,  it  was  neutralized  with  hydrochloric  acid  (methyl  orange)  and  then 
evaporated  to  dryness.  The  residue  was  processed  by  boiling  it  a  few  times  with  absolute  alcohol.  This  yielded  1  g 
of  a-furfurylphosphinic  acid  as  a  thick  noncrystallizing  liquid.  The  acid  was  analyzed  as  its  Basalt.  Anaqueous 
solution  of  the  acid  was  boiled  for  10-15  minutes  with  an  excess  of  barium  carbonate.  The  next  day  the  filtered  sol¬ 
ution  was  boiled  with  activated  charcoal.  The  Ba  salt  was  analyzed  after  the  solution  had  been  evaporated  on  a 
water  bath  and  dried  for  a  few  hours  at  125-135*  to  constant  weight. 

0.4176  g  subs.:  0.2006  g  BaS04.  Found  Ba  28.26.  (C4Hs0CI^P020H)2Ba.  Calculated  <););  Ba  29.91. 

The  synthesis  of  the  phosphinic  acids  and  the  production  of  the  Ba  salts  were  carried  out  similarly  in  all  the 
ensuing  tests.  In  some  of  the  tests  the  Ba  salt  was  recrystallized  from  water. 

Action  of  g-bromomethyltetrahydrofuran  on  triethyl  phosphite  and  sodium  diethylphosphite.  1)  8  g  of  tetra- 
hydrofurfuryl  bromide  (b.p.  57*  at  12  mm;  n^  1.4823;  d|®  1.3988  [3])  was  added  drop  by  drop  during  the  course  of 
30  minutes  to  9  g  of  triethyl  phosphite  (8  g  called  for  theoretically)  heated  to  150-160*  (inside  a  small  flask  ). 

•  The  temperature  was  measured  within  the  reaction  mixture  in  every  experiment. 
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Heating  was  continued  for 
1  hour  at  160-165*,  after 
which  the  reaction  product 
was  distilled  in  vacuo.  The 
ethyl  ester  of  a-tetrahydro- 
furfurylphosphinic  acid  dis¬ 
tilled  at  108-111*  at  2  nun 
as  a  colorless  liquid  that 
was  readily  soluble  in  wa¬ 
ter.  The  Beilstein  reaction 
was  weakly  positive.  It 
weighed  3.6  g  (33.4<^of 
the  theoretical). 

n”  1.4492;  4S  1.1075. 

0.0756  g  subs.;  19.22 
ml  NaOH  (T  =  0.0193). 
Found <!!(>:  P  13.58. 
Calculated<9> :  P  13.96. 

2)  9  g  of  tetrahydro- 
furfuryl  bromide  was  added 
to  an  ether  solution  of  sod¬ 
ium  diethylphosphite  pre¬ 
pared  from  10.5  g  of  dieth- 
yll^osphorous  acid  (7.5  g 
being  called  for)  and  1.3  g 
of  metallic  sodium  in  150 
ml  of  anhydrous  ether.  A 
small  quantity  of  sodium 
bromide  settled  out  when 
the  ether  was  boiled  for 
1.5  hours.  100  ml  of  an¬ 
hydrous  benzene  was 
added,  and  all  the  ether 
was  driven  off.  The  ben¬ 
zene  solution  was  boiled 
for  3  hours.  The  reaction 
product  was  processed  ap- 
proiniately  and  then  dis¬ 
tilled  in  vacuo. 

The  ethyl  ester  of 
a  -  tetrahydrofurfurylphos- 
phinic  acid  had  a  b.p.  of 
110-112*  at  2  nun  after 
having  been  distilled  twice. 
The  yield  was  3.6  g  (29*9> 
of  the  theoretical). 

ng  1.4482;  d^ 

1.1011. 


Hydrolysis  of  the  ester.  1.5  g  of  the  substance:  was  heated  to  boiling  for  4  hours  with  1.5  g  of  NaOH  in  50  ml 
of  water.  This  yielded  1.2  g  of  a-tetrahydrofurfuryl;phosidilnic  acid  as  a  thick  noncrystallizing  liquid.  Its  barium 
salt  was  analyzed. 


0.4132  g  subs.:  0.2058  g  BaSO^.  Found  Ba  29.31.  (C^HfOCN^POiOH),  Ba.  Calcj^b  :  Ba  29.39. 
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Action  of  g-bromoietrahydropyran  on  dieiiiylptiosphorous  acid.  Dry  hydrogen  bromide  was  passed  through 

14.6  g  of  dihydiopyran  (b.p.  84-86°  [4])  at  a  temperature  between  0*and  +3“  for  2.5  hours.  The  dissolved  hydrogen 
bromide  was  quickly  evacuated  in  vacuo.  The  synthesized  bromide  [5]  was  a  reddish-brown  liquid  that  gave  off 
hydrogen  bromide  [n^®  1.5050;  it  weighed  26  g  (28.7  g  being  called  for)],  was  immediately  dissolyed  in  anhydrous 
edier  (50  ml)  and  poured  during  the  course  of  10  minutes  into  previously  prepared  sodium  diethylphosphite  (25.5  g 
of  diethyli^osphorous  acid,  instead  of  the  21.7  g  called  for  theoretically,  and  3.6  g  of  metallic  sodium  in  200  ml  of 
anhydrous  ether).  As  the  ether  boLled  up,  the  mixture  was  cooled.  After  the  sodium  bromide  had  been  filtered  out 
and  the  ether  had  been  driven  off,  the  following  substances  were  recovered  by  vacuum  distillation;  1)  6.8  g  of  di- 
ethylphosphorous  acid,  b.p.  182-185®  at  ordinary  pressure;  n“  1.4090;  df*  1.0743.  2)  the  ethyl  ester  of  a”tetra- 
hydropyranphosptunic  acid  as  an  oily  liqutd  that  was  readily  soluble  in  water,  with  a  b.p.  of  130-132*  at  6  mm;  n^ 
1.4522.  It  weighed  16.1  g  (46^0  of  the  theoieiical).  The  ester  was  redistilled  at  123-125*  and  3  mm. 

ng  1.4535;  1.1085. 

0.0646  g  subs.;  17.32  ml  NaOH  (T  =  0.0191).  Found  %  P  14.18.  C8H1P4P.  Calculated  %  P  13.96. 

Hydrolysis  of  the  ester.  3.3  g  of  the  substance  was  heated  to  100-105®  In  a  sealed  tube  for  6  hours  with  30  ml 
of  dilute  hydrochloric  acid  (1:2).  Repeated  evaporati.on  (on  a  water  bath)  until  all  the  HCl  was  eliminated  yielded 

2.6  g  of  a  syrupy  product.  During  hydrolysis  of  the  ester  by  hydrochloric  acid  pentadiol-6,6“phosphinic  acid  may 
also  be  produced  as  the  result  of  the  rupture  of  the  pyran  ring,  m  addition  to  the  a-tetrahydropyranphosphinic  acid. 
Analysis  of  the  Ba  salt  indicated  that  the  product  of  saponification  was  pentadiol“5,6“phosphinic  acid. 

0.5786  g  subs.;  0.2713  g  BaSO^.  Found  <51);  Ba  27.59.  (C5H,OPOjOH),Ba  and  [C  H,OH(CHt)8CHOHPO,OH]2Ba. 

Calculated  Ba  29.39  and  27.29. 

Action  of  a .  B-dibromotetrahydiopyran  on  sodium  diethylphosphite.  15.2  g  of  bromine  (18  g  being  called 
fOT)  was  added  drop  by  drop  with  constant  chilling  (snow  and  sodium  chloride)  during  the  course  of  45  minutes  to 
9.5  g  of  dihydropyran  (b.p.  84-86®),  dissolved  in  25  ml  of  anhydrous  ether  [6].  The  ether  solution  of  the  bromide 
was  added  during  the  course  of  20  minutes  to  1  mole  of  an  ether  solution  of  sodium  diethylphosphite  16.5  g  of  di- 
ediylphosphorous  acid  (13.1  g  being  called  for  theoretically)  and  2.6  g  of  metallic  sodium  (2.18  g  being  called  for 
theoretically)  In  200  ml  of  anhydrous  ether].  NaBr  was  precipitated.  The  reaction  product  was  distilled  in  vacuo. 

Fraction  I;  50-93®  at  14  mm.  13.2  g  of  a  faintly  yellowish  liquid.  Fraction  II;  112-116*  at  5  mm.  3.8  g  of 
a  colorless  liquid.  The  residue  (4.3  g)  was  an  amorphous  solid  product. 

Treating  Fraction  I  with  water  yielded  5.4  g  (34.8%  of  the  theoretical,  based  on  the  reacted  bromine)  of  3- 
bromodihydropyran,  with  a  b.p.  of  50-52*  at  14  mm. 

n^  X.5111;  d||  1.5375  (figures  given  in  the  literature;  b.p.  65®  at  25  mm;  njj  1.5119;  d}|  1.5400  [7]). 
Strongly  positive  Beilstein  reaction.  It  quickly  decolorized  a  chloroform  solution  of  bromine.  Conc.hydrochloric 
acid  was  added  to  its  aqueous  solution,  and  the  solution  was  repeatedly  eyaporated  (on  a  water  bath)  until  all  the 
HCl  had  been  eliminated.  Phenylhydrazine  was  added  to  the  residue,  dissolyed  in  alcohol.  This  yielded  10.4  g  of 
phenylhydrazine  phosphite  (HjPOg-l^NNHCgHj),  the  equivalent  of  7.6  g  of  diethylphosphoric  acid.  M.p.  118® 

(from  alcohol)  [8]. 

F  raction  II  (b.p.  112-116®  at  5  mm)  boiled  in  a  wide  range  when  redistilled  in  vacuo.  No  ethyl  ester  of  a- 
phosphono-  3  -bromotetiahydropyran  was  recovered. 

fiction  of  3-bromodihydropyran  on  triethyl  phosphite.  2.1  g  of  3-bromodihydropyran  (b.p.  50-52®  at  14  mm) 
was  added  to  2.8  g  of  triethyl  phosphite  heated  to  150-155®.  Htjating  was  continued  for  2  hours  at  155-160®.  The 
initial  substance  was  recovered. 

Action  of  a -epichlorob.ydrin  on  triethyl  phosphite.  5.3  g  of  a -epichlorohydrin  (b.p.  115-117*;  n^  1.4385; 
dIS  1.1833)  was  added  to  10  g  of  triethyl  phosphite,  heated  to  140*.  Heating  was  continued  for  2  hours  at  140-150*. 
The;  initial  substances  were  recovered,  plus  reaction  products  thait  had  a  wide  boiling  range.  None  of  the  ethyl  ester 
of  a-epiphosphonohydrin  was  obtained. 

Action  of  a  -epnodohydrln  on  tile  thy  1  phosphite.  6. 8  g  of  a  -epiiodohydrin  (b.p,  61-63*  at  25  mm;  1.5450; 
dgS  2.0388  [9])  was  added  drop  by  drop  during  the  course  of  15  mi  nutes  to  8  g  of  triethyl  phosphite  (6.13  g  being 
called  for  theoretically),  heated  to  140-150®.  Heating  at  155-165°  was  continued  for  20  minutes  (until  no  more  ethyl 
iodide  was  driven  off.) 
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The  ethyl  ester  of  a'phosphono-B.y  -epoxypcopane  distilled  at  130-132*  and  11  mm  as  a  colorless,  oily  liri- 
uid  that  was  readily  soluble  in  wato:;  1.4394;  3.4  g  (47.7*^01  the  theoretical).  Upon  redistillation  the  ester 
distilled  at  131-133*  at  13  mm. 

1.4405;  dg  1.1373. 

0.0900  g  subs.;  27.0  ml  NaOH  (T  =  0.0191).  Found  <!;»:  P  16.87.  C^HnQiP.  Calc.  ^:  P  15.97. 

Hydrolysis  of  the  ester.  0.9  g  of  the  substance  was  heated  to  boiling  for  4  hours  with  1  g  of  NaOH  in  50  ml  of 
I^.  This  yielded  0.63  g  of  a  thick  noncrystallizing  liquid.  Its  Ba  salt  was  analyzed: 

0.2404  g  subs.;  0.1380  g  BaSQ^.  Found  %  Ba  33.78.  (CsH^HKPO|OH)^a. 

Calculated  Ba  33.39.  (GI%OHCHOHCl%]F - 0-)!|Ba.  Calculated^;  Ba  30.7. 

^OH 

Action  of  4-Chloromethyldioxolan-l,3  on  triethyl  phosphite  and  sodium  dietfaylphosphite.  1)  1,7  g  of  triethyl 
phosi^ite  (8.13  g  being  called  for)  and  6  g  of  the  chloride  (b.p.  54-56*  at  23  mm;  1.4500;  d|*  1.2468  [10])were 
heated  to  145-152*  for  6  hours.  Vacuum  distillation  (at  36  mm)  yielded  10.7  g  of  a  mixture  of  the  initial  substances, 
with  a  b.p.  of  63-73*.  The  residue  was  an  oily  liquid.  The  experiment  was  continued  by  heating  the  10.7  g  to  220- 
230*  in  a  sealed  tube  for  6  hours.  The  reaction  product  was  decanted  from  the  residue.  Upon  redistillation  in  vacuo 
the  ethyl  ester  of  4-phosphonomethyldioxolan-l,3  distilled  at  120-121*  at  3.5  mm  as  an  oily  liquid  that  was  readily 
water-soluble.  It  weighed  2.3  g  (24.3 ‘i^of  the  theoretical). 

nf5  1.4440;  ch^  1.1716.  0.0824  g  subs.;  17.04  ml  NaOH  (T  =  0.0244).  0.0560  g  subs.;  11.3  nJ  NaOH. 

Found^b;  P  13.97,  13.63.  C^itOj?.  Calculated<Jb ;  P  13.83. 

2)  10  g  of  the  chloride  was  added  to  a  benzene  solution  of  sodium  diethylphosphite  (13.3  g  of  diethylphos- 
phorous  acid  and  1.9  g  of  metallic  sodium  in  50  ml  of  anhydrous  benzene),  and  the  mixture  was  heated  for  8  hours 
to  the  boiling  point  of  benzene.  Traces  of  sodium  chloride  settled  out.  The  ethyl  ester  of  4-idiosphonomethyldi- 
oxolan-1,3  was  not  secured. 

Action  of  4-chloromethyl“2 , 2  -dimetfayldioxolan-1,3  on  triethyl  phosi^ite.  9  g  of  triethyl  phosphite  (9.92  g 
being  called  for  dieoretlcally)  was  heated  to  157-164*  for  30  hours  with  9  g  of  the  chloride  (b.p.  155-157*;  n^ 
1.4358;  1.1067  [11]). 

The  ethyl  ester  of  4-phosphonomethyl-2 , 2  -dimethyldioxolan-1 ,3  distilled  at  117-119*  and  4  mm  as  an  oily 
liquid  that  was  readily  water-soluble.  The  yield  was  2  g  (14.6 of  the  theoretical). 

ng  1.4380;  d^  1.1029. 

0.0728  g  subs.:  13.86  ml  NaOH  (T  =  0.02392).  Found  P  12.60.  Ci|H|iH,P.  Calc.«^t  P  12.30. 

Hydrolysis  of  the  ester.  1.2  g  of  the  substance  was  heated  to  boiling  with  0.6  g  of  NaOH  in  50  ml  of  water 
and  then  distilled  after  another  50  ml  of  water  had  been  added.  The  aqueous  distillate  was  boiled  for  15  minutes 
with  0.1  g  of  2,4-dinitrophenylhydrazine.  The  next  day  the  crystals  of  the  dinitrophenylhydrazone  of  acetone  were 
filtered  out.  M.p.  126*  after  recrystallization  from  alcohol;  mixed  melting  point  126*.  The  residue  left  after  the 
acetone  had  been  driven  off  yielded  0.7  g  of  0 ,  y  -dihydroxypropylphosphlnic  acid  as  a  thick  liquid.  Its  barium  salt 
was  analyzed. 

0.5704  g  subsunce:  0.2970  g  BaSO^.  Found  Ba  30.64.  (CH^HCHOHCI^-POjOH)^a.  Calculated  <^:Ba  30  70 

Action  of  4-chlotomethyl-2^henyldioxolan-1.3  on  triethyl  phosphite.  8.4  grams  of  triethyl  phosphite  (7.86  g 
being  called  for  theoretically)  and  9.4  g  of  the  chl(»ide  (b.p.  147-148*  at  16  mm;  ^  1.5330;  dj^  1.2211  [10]  were 
heated  together  for  12  hours,  the  temperature  being  gradually  raised  from  172*  to  197*. 

The  ethyl  ester  of  4'phosphonomediyl-2^henyldioxolan-l,3  distilled  at  186-188*  at  3  mm;  1.5014;  5.4  g 
(38^  of  the  theoretical).  '  The  ester  redittilled  at  184-186*  at  3  mm.  ' 

ng  1.4498;  dg  1.1737. 

0.0836  g  subsunce:  13.19  ml  NaOH  (T  »  0.02392).  Found  ojn  P  10.45.  Cm,1%iO|P.  Calculated  %  P  10.33. 

Hydrolysis  of  tbe  ester.  1.2  ftrams  of  the  substance  was  refluxed  for  4  houn  with  0.8  g  of  NaOH  in  50  ml  of 

*  All  the  experimems  with  dixolan  were  run  in  an  Arbuzov  flask  with  a  ull  tube  sealed  on  it.  The  triethyl  phos¬ 
phite  that  distilled  over  was  periodically  poured  back  into  the  reaction  flask. 
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water.  The  benzaldehyoe  was  extracted  with  ewer.  We  secured  0.3  g  of  the  phenylhydrazone  (equivalent  to  38^ 
of  the  benzaldehyde)  with  an  m.p.  of  155®.  Its  mixed  melting  point  was  the  same.  The  residue  yielded  0.5  g  of 
6 ,7 -dihydroxypropylphosphinic  acid.  Its  barium  salt  was  analyzed. 


0.6738  g  substance:  0.3591  BaS04.  Found<7o;  Ba  31.35.  CgHjgOjjPjBa.  Calculated  <70:  Ba  30.70. 

Action  of  4-chloromethyl-2-anisyldioxolan-l,3  on  triethyl  phosphite.  Synthesis  of  4-chloromethyl-2-anisyl” 
dioxolan-1,3:  15  g  of  anisaldehyde  and  14  g  of  a -chlorohydrin  were  heated  together  for  30  hours  on  an  oil  bath 
at  100-125*.  8  grams  of  the  chloride  was  obtained.  B.  p.  168-171“  at  5  mm. 

ng  1.5394:  dg  1.2465. 

0.1154  g  substance;  0.0690  AgC;i  (Ca:i;ius).  Found  Cl  14.79.  CjiHisOjCh  Calculated  Cl  15.53. 

6.3  grams  of  tilethyl  phosphite  (5  g  being  called  for  theoretically)  and  6.9  g  of  the  chloride  were  heated  to¬ 
gether  for  15  hourSj  the  temperature  being  gradually  raised  from  165  to  205*. 

The  ethyl  estei  of  4  4)hosphonomethyr-2-3nisyldioxolan-l, distilled  at  229-231“  at  5  mm  as  a  water-insoluble 
thick  liquid.  The  yield  was  4  g  (40  of  the  theoretical). 

ng  1.5065?  X.1935.  0.0974  g  substance:  14.36  ml  NaOH  (T  -  0.02392)  Found  P  9.76.  CsI^iOsP. 

Calculated  P  9.39. 

Hydrolysis  of  the  ester.  1.5  grams  of  ihe  subf  iance  was  heated  to  boiling  with  0.9  g  of  NaOH  in  50  ml  of 
water,  anisaldehyde  being  driven  off  (after  50  ml  more  of  water  had  been  added).  We  obtained  0.8  g  of  the  phenyl¬ 
hydrazone  with  an  m.p.  of  120-121®  (equivalent  to  77.^  of  anisaldehyde).  After  the  aldehyde  had  been  driven  off, 
the  residue  yielded  0.8  g  of  By-d^Jhydroxyixopvlphosphinic  acid. 

0.7882  g  Ba  salt.  Taken  BaSO^.  0.4074  g.  Found^:  Ba  30.42.  CeHj^PnPfBa.  Calculated  °Jk  Ba  30.70. 

SI^MMART 

Represenutlves  of  the  esters  of  phosphinic  acids  with  heterocyclic  radicals  that  conuin  1  or  2  oxygen  atoms 
have  been  synthesized  foi  the  fiist  time  by  the  action  of  triethyl  phosphite  or  sodium  diethylphosphite  upon  the  re¬ 
spective  halogen  derivatives. 

Esters  of  i^osi^inic  acids  containing  a  three-membeied,  five-membered,  or  a  six-membered  heterocyclic  ring 
with  a  single  oxygen  atom  and  a  five-membered  dioxolan  ring  containing  two  oxygen  atoms  have  been  synthesized. 

The  synthesized  esters  have  been  saponified. 
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SYNTHESIS  OF  ESTERS  OF  PHOSPHINIC  ACIDS 'tHAT 
CONTAIN  HETEROCYCLIC  RADICALS 

IIL  THE  ACTION  OF  SODIUM DIETHYLPHOSPHITE  AND  TRIETHYL  PHOSPHITE  ON 
SOME  HALOGEN  DERIVATIVES  OF  PYRIDINE  AND  PIPERIDINE 

B.  A.  Arbuzov  and  B.  P.  Lugovkin 


In  our  previous  reports  we  described  the  results  of  synthesizing  esters  of  phosphinic  acids  that  contain  thiazole 
radicals  [1]  and  heterocyclic  radicals  with  one  or  two  atoms  of  oxygen  in  the  ring  [2], 

In  the  present  report  we  cite  our  findings  on  the  synthesis  of  phosphinic  acids  and  of  their  esters  that  contain 
a  piperidine  ring  and  report  on  our  effects  to  introduce  the  diethylphosphono  group  into  the  pyridine  ring,  which  have 
been  unsuccessful  thus  far. 

The  action  of  soilium  diethylphosphite  upon  N-<5-bromoethylpiperidine  readily  yielded  the  ethyl  ester  of  N-(6- 
];diosphonoethyl)-piperidine,  the  yield  beii%  56.8*^  of  the  theoretical. 


O  NCH,CI%Bt  4  NaOPfOC^Ij),  -► 


OCsHs),  4  NaBr. 


Saponifying  the  ester  with  hydrochloric  acid  yielded  N'<B'i>hosi^onoethyl)ipiperidine  hydrochloride;  reacting 
the  ethyl  ester  of  N'(B*phosphonoethyl)-piperuiine  with  ethyl  bromide  yielded  the  crystalline  ethobromide,  while 
reacting  it  with  ethyl  iodide  yielded  the  ethixxiide. 


Similarly,  52.6‘^  of  the  theoretical  yield  of  the  ethyl  ester  of  N*<y*phosphonopropyl)*piperidine 


was  produced  by  reacting  N^y-btomopiopyl)-i}iperidine  with  sodium  diethylphosphite. 

Reacting  the  ethyl  ester  of  N-(7-phosphonopropyl)-piperidine  with  ethyl  iodide  yielded  the  ethiodide,  with  an 
m.p.  of  83-64*.  The  ethobromide  is  a  noncrystallizing  oil. 

It  is  worthy  of  note  that  out  attempts  to  secure  the  estersofN':<6-phosidionDethyl)-pipeiidine  and  N-fy-phospho- 
nopropyl)^peridine  by  reacting  the  respective  biomides  with  triethyl  phosphite  met  with  failure. 


The  course  of  the  reaction  may  be  depicted  as  follows: 
.<^  ^CI%CH^x  4  P(OC,Hj), 


The  ethyl  bromide  produced  during  the  reaction  might  result  in  the  formation  of  the  ethobromide  which  we 
secured  from  N-(0-diethylphosphonoethyl)-pipeTidine  and  ethyl  bromide. 
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The  reaction  between  N-(6“bromoethyl)-piperidine  and  triethyl  phosphite  resulted  in  the  synthesis  of  a  crystal¬ 
line  product  that  did  not  fuse  up  to  350“  and  had  nothing  in  commcn  with  the  ethobromide  of  the  normal  reaction 
product.  The  state  of  affairs  was  similar  when  we  reacted  N-(7-bromopropyl)-pipetidine  with  triethyl  phosphite,  a 
product  with  an  m.p.  of  254-258®  being  secured.  We  did  not  determine  the  structure  of  the  resultant  products. 


Our  attempts  to  mtroduce  the  phosphono  group  by  reacting  ohromo-  or  tKodopyridine  with  sodium  diethyl- 
phosi^iite  were  unsuccessful.  These  halogen  derivatives  did  not  react  with  sodium  diethylphosphite.  When  2-(6- 
broraoethyl)-ijyridine  was  reacted  with  sodium  diethylphosphite,  the  reaction  yielded  as  its  principal  product  <^vinyl 
pyridine.  Besides  the  a  -vinylpyridine,  we  secured  a  small  fraction,  the  analysis  of  which  was  close  to  that  of  the 
ethyl  ester  of  2'(B-phosphonoethyl)-i)yridine. 


A 


NaOPCOGgHg), 


A 

V 

N 


+  HOP(OC,H^  +  NaBr 


A. 


-CH=CH, 


|^^yl-CH,CH,P(OC,H5), 
N  O 


EXPERIMENTAL 

Action  of  sodium  diethylphosphite  on  N-(B-bromoethyl)“piperidine.  An  ether  solution  of  20.3  g  of  bromoethyl- 
piperidlne  [3]  in  10  ml  of  anhydrous  ether  was  added  tx)  an  ether  solution  of  sodium  diethylphosphite,  prepared  from 
15.7  g  of  diethylphosphorous  acid  (14.7  g  being  called  for  theoretically)  and  2.6  g  of  metallic  sodium  in  150  ml  of 
anhydrous  ether.  Aftei  4  hours  of  boiling,  the  8.8  g  of  precipitated  sodium  bromide  (11  g  being  called  for)  was  fil¬ 
tered  out  and  washed  with  anhydious  ether,  the  ether  being  driven  off,  and  the  reaction  product  being  distilled  in 
vacuo.  When  redistilled  in  vacuo,  theethyl  ester  of  N-(B-phosphonoethyl)-piperidine  distilled  at  123-125*  at  2  mm 
as  an  oily  substance,  readily  soluble  in.  water.  The  yield  was  15  g  or  56. 8<^  of  the  theoretical. 

ng  1.4615;  dU  1.0438. 

0.0858  g  substance;  15.12  ml  NaOH  (T  =  0.02442).  Found  <5b:  P  11.91.  CiiH^OjNP.  Calculated*^;  P  12.44. 

Hydrolysis.  3.2  grams  of  the  ether  was  heated  to  110-115*  for  6  hours  in  a  sealed  tube  together  with  24  ml  of 
dilute  hydrochloric  acid  (1:1).  The  solution  was  thoroughly  boiled  with  activated  charcoal  and  repeatedly  evaporated 
on  a  water  bath  to  eliminate  the  HCl  completely,  drying  at  120-135*  yielding  3  g  of  N*^0  ■i)ho8phQnoe thy  1) piperidine 
hydrochloride  as  minute  crystals  with  an  m.p.  of  168-171".  The  m.p.  was  170-172*  after  precipitation  with  anhydrous 
ether  from  absolute  alcohol. 

0.1490  g  substance:  28.5  ml  NaOH  (T  =/0.02442).  0.1148  g  substance:  0.0730  g  AgCl.  Found*^:  P  12.98; 

Cl  15.73.  C^H^cPaNP-HCl.  Calculated  ah'.  P  13.50?  Cl  15.46. 

Action  of  ethyl  iodide  and  bromide.  0.7  gram  of  ethyl  iodide  (an  excess)  was  added  to  0.6  g  of  the  ester  of 
N-(6-phosphonoethyl)piperidine.  Crystals  settled  out  the  next  day.  Washing  with  anhydrous  ether  yielded  0.7  g  of 
the  ethiodide  of  the  ethyl  ester  of  N-(6phosphonoethyl)-piperidine,  with  an  m.p.  of  161-162*.  The  m.p.  was  163* 
after  pr^ipitation  from  absolute  alcohol  with  anhydrous  ethex'.  It  was  readily  soluble  ih.water  and  in  alcohol,  though 
insoluble  in  ether. 

0.1190  g  subsunce:  0.0692  g  Agl.  Found ‘jb:  I  31.48.  CisI^jOjNPI.  Calculated  %  i  31.35. 

2  grams  of  ethyl  bromide  (an  excess)  was  added  to  1.3  g  of  the  ester.  The  crystals  that  settled  out  were  fil¬ 
tered  out  a  few  days  later  and  washed  with  anhydrous  ether.  This  yielded  0.5  g  of  the  ethobromide  of  the  ether 
ester  of  N-(  0phosphonoethyl)piperidine  as  minute  colorless  crystals  with  an  m.p.  of  127-128*. 

0.0350  g  substance:  0.0187  g  AgBr.  Found*^:  Br  22.76.  C|3l%|OsNPBr.  Calculated*^:  Br  22.34. 

Action  of  triethyl  phosphite  on  N-f  3-  bromoethvDpiperidine.  6.3  grams  of  bromoethylpiperidine  was  added  to 
7  g  of  triethyl  phosphite  (5.44  g  being  called  for),  heated  to  120-130*  (within  the  flask).  The  reaction  {voduct  was  a 
colorless  solid.  Heating  was  contmued  for  15  minutes  at  130-150®.  The  ethyl  bromide  was  not  driven  off.  Washing 
with  anhydrous  ether  yielded  8.2  g  of  a  finely  crystalline  colorless  product  that  did  not  fuse  when  heated  to  350*.  It 
was  insoluble  in  ether,  absolute  alcohol,  benzene,  or  chloroform,  though  readily  soluble  in  water. 

The  ether  solution  yielded  3.6  g  of  a  liquid  product  with  the  odor  of  triethyl  phosphite.  No  ethyl  ester  of 
N-( 0phos];^onoe thy  1) -piperidine  was  recovered  [cf.  the  experiment  with  N-<  y-bromopropyl)piperidine]. 
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Analysis  of  the  solid: 

0.0799  g,  0.0742  g  substance:  3.74  ml,  3.76  ml  NaOH  0.0988  g,(lQ972  g  wbstance:  0.0810  g,  0.0822  g 

AgBr  (Carlus).  Found  “fo:  P  3.17,  3.43;  Br  34.89,  35.99.  (CrHiaJ^rXi*  P(OC,l%),.  Calculated  ojoi  P  3.31;  Br  34.26. 

Hydrolysis.  1.5  g  of  the  subsunce  was  dissolved  in  15  ml  of  water  and  refluxed  for  13  hours.  0.9  grams 
of  NaOH  was  added  plus  an  additional  20  ml  of  water,  after  which  the  whole  was  distilled.  At  the  start  of  distil¬ 
lation  an  oily  product  passed  over.  Acidulation  of  the  distillate  with  hydrochloric  acid  and  evaporation  to  dryness 
yielded  1.2  g  of  a  solid  brown  residue.  Recrystallization  from  absolute  alcohol  yielded  0.3  g  of  a  colorless  crystal¬ 
line  hydrochloride  that  did  not  fuse  when  heated  to  230*  (the  melting  point  of  N-(  6 -hydroxyethyl) -piperidine  hydro¬ 
chloride  is  120*  [4]). 

The  aqueous  residue  was  acidulated  with  hydrochloric  acid  and  repeatedly  evaporated  until  all  the  HCl  had 
been  eliminated;  re-extraction  with  absolute  alcohol  then  yielded  a  thick  liquid.  When  this  liquid  was  reacted  with 
an  alcoholic  solution  of  phenylhydrazine,  a  crystalline  product  settled  out  (as  much  as  0.6  g).  The  m.p.  was  117- 
118*  with  softening  after  recrysullization  from  alcohol;  its  mixed  melting  point  with  synthesized  phenylhydrazine 
phosphite  (m.p.  118*)  exhibited  a  depression:  m.p.  102-103*. 

0.05  92  g  subsunce:  1.65  ml  NaOH.  Found  <^:  P  1.88. 

Action  of  sodinm  dietfaylphosiMte  bn  N-(y-bromopropyl)i?iperidine.  An  ether  solution  of  14  g  of  bromo- 
propylpiperidine  [5]  in  10  ml  of  anhydrous  ether  was  added  to  an  ether  solution  of  sodium  diethylphosphite,  pre¬ 
pared  from  10.4  g  of  diethyli^osphcKous  acid  (9.37  g  being  called  for)  and  1.8  g  of  metallic  sodium  in  150  ml  of 
anhydrous  ether.  After  6  hours  of  boiling,  the  precipitated  sodium  bromide  was  filtered  out  and  washed  with  an¬ 
hydrous  ether.  The  ether  was  driven  off,  and  the  residue  distilled  in  vacuo.  The  ethyl  ester  of  N-(y  -phosphono- 
propyl)-piperidine  distilled  at  135-137*  and  3  nun  as  an  oily  liquid,  readily  soluble  in  water.  The  yield  was  9.4  g, 
or.  52.6^  of  the  theoretical.  The  b.p.  was  136-137®  at  3  mm  after  redistillation: 

ng  1.4602;  4s  1.0243. 

0.0534  g  subsunce;  9.76  ml  NaOH,  Found  %  P  12.36.  Cuft^O^NP.  Calculated  <5k:  P  11.78. 

Hydrolysis.  2.5  grams  of  the  ester  was  heated  to  100-115*  in  a  sealed  tube  for  6  hours  together  with  16  ml  of 
dilute  hydrochloric  acid  (1:1).  The  solution  was  thoroughly  boiled  with  activated  charcoal.  Appropriate  ivocessing 
(c£  the  preceding  experiment)  yielded  2.4  g  of  N-(y-phosphonopropyl)-piperidine  hydrochloride  as  minute,  faintly 
yellow  crystals  with  an  m.p.  of  152-153*.  Colorless  crystals  with  an  m,P.  of  158-159*  after  precipitation  by  anhy¬ 
drous  ether  from  absolute  alcohol. 

04116  8  subsunce:  19.74  ml  NaOH.  0.1054  g  substance:  0.0650  g  AgCl.  Found  ^  P  11.97; 

Cl  15.26.  C«I^(NPO|HCl.  CalcuUted  «loi  P  12.73;  Cl  14.68. 

Action  of  ethyl  iodide  and  bromide.  0.6  gram  of  ethyl  iodide  (an  excess)  was  added  to  0.8  g  of  the  eater  of 
N-( 7 -phosphonoittopyl) -piperidine.  The  precipitated  oil  crysulUzed  several  days  latex.  Washing  wlfli  anhydrous 
ether  yielded  0.9  g  of  the  ethiodide  of  the  ethyl  ester  of  N-(y  -idiosidion£^opyl)-piperidine,  with  an  m.p.  of  82-84* . 
The  m.p.  was  83-84*  after  rewashing  with  anhydrous  ether.  The  ethiodide  settled  out  as  an  oil  when  repcecipiuted 
by  anhydrous  ether  from  absolute  alcohol. 

Analysis  of  the  crysuls  with  an  m.p.  of  83-64^ 

0.1776  g  subsunce:  0.1020  g  AgL  Found  <^:  1  31.04.  Cn^O^NPL  Calculated  ^  1  30.31. 

0.4  gram  of  ethyl  bromide  was  added  to  0.6  g  of  the  esur.  The  ethobromlde  settled  out  as  a  noncrystallizing 
oil.  The  experiment  was  repeated,  heating  the  mixture  to  85-95*  for  2  hours.  The  ethobromide  of  the  ethyl  ester 
of  N-(7-phosphonopropyl)-piperidine  also  settled  out  as  a  thick  oil. 

Action  of  triethyl  iidmsphite  on  N-(7  -btomopropyl)-pipetidine.  4.5  grams  of  bromopropylpiperidine  was  added 
to  4.4  g  of  triethyl  ihos{ditte  (3.62  g  being  called  for  dieoretically),  a  small  quantity  of  a  solid  product  settling 
out.  The  amount  of  the  product  increased  when  the  mixture  was  heated  to  100*;  when  the  temperature  was  raised 
to  140-155*,  the  whole  reaction  mixture  consituted  a  thick  liquid.  Heating  lasted  30  minutes.  The  ethyl  bromide 
was  not  driven  off.  After  the  reaction  mixture  had  cooled,  the  reaction  mixture  solidified  when  anhydrous  ether 
was  added.  This  yielded  4.5  g  of  a  finely  crystalline  product  (after  washing  with  anhydrous  ether).  The  product 
was  dissolved  in  absolute  alcohol  and  was  piecipiuted  by  anhydrous  ether.  This  yielded  3.3  g  of  a  finely  crystalline 

The  titer  of  the  alkali  was  the  same  (0.02442). 
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subsunce  with  an  m.p.  or  254-258“  (block),  insoluble  in  anhydrous  ether,  though  soluble  in  alcohol  and  in  water. 

0.1964  g,  0.2096  g  substance:  5.28  ml,  6.58  ml  NaOH.  0.1160  g,  0.1252  g  substance:  AgBr  0.0912  g, 

0.0940  g  (Carius).  Found  P  1.80,  2.11;  Br  33.45,  31.95. 

The  liquid  product  recovered  from  the  ether  solution  (obtained  in  precipitating  and  washing  the  solid  product) 
after  the  ether  had  been  driven  off  was  distilled  in  vacuo. 

Fraction  I,  with  a  b.p.  of  51-62*  at  15  mm.  The  unreacted  triethyl  phosphite:^)  nfj  1.4135  (2.1  g,  or  58®^ 
of  the  theoretical). 

Fraction  II,  with  a  b.p.  of  131*  at  2  mm.  Ethyl  ester  of  N-(y-phosidionopropyl)-piperidine  (with  a  negligible 
amount  of  a  solid  product);  n^  1.4358;  0.5  g,  or  8.?°!(>  of  the  theoretical. 

0.0600  g  substance;  9.75  ml  NaOH.  Found  ‘Jb;  P  11.0.  Ciyl^cOsNP.  Calculated  P  11.78. 

Action  of  sodium  dlethylphosphite  on  g-bromopyridine  and  a -iodopyridine.  I.  4.7  grams  of  a-bromopyridine,b.p. 
75-78*(16  mm);  n^  1.5709  [6])  was  added  to  a  benzene  solution  of  sodium  dlethylphosphite,  prepared  from  4.4  g  of 
diethylphosphoLOus  acid  and  0.7  g  of  metallic  sodium  in  35  ml  of  anhydrous  benzene.  When  the  benzene  solution 
was  boiled  for  8  houis,  a  negligible  quantity  of  sodium  bromide  settled  out.  No  ethyl  ester  of  a -phosphonopyridine 
was  obtained  by  dtstillauion  in  vacuo. 

IL  13.2  grams  of  a -iodopyridine  (b.p.  97*  at  16  mm;  1.6342;  d||  1.9281  [7]),  was  added  to  a  benzene  sol¬ 
ution  of  sodium  diethylphosi^te,  prepared  &om  10  g  of  diethyl-phosphorous  acid  and  1.5  g  of  metallic  sodium  in 
50  ml  of  anhydrous  benzene.  When  the  solution  was  boiled  for  18  hours,  a  minute  quantity  of  sodium  iodide  settled 
out.  No  ethyl  ester  of  a  -i^osphonopyridine  was  secured  by  distillation  in  vacuo. 

Acuon  of  sodium  dlethylphosphite  on  6-bromo-2^thylpyridine.  3.5  grams  of  bromoethylpyridine  (steam- 
distilled  [8])  was  added  lo  an  ether  solution  of  sodium  dlethylphosphite,  prepared  from  2.6  g  of  diethylphosphorous 
acid  and  0.43  g  of  metallic  sodium  in  30  ml  of  anhydrous  ether.  The  reaction  mass  was  then  boiled  for  3  hours. 

2.3  grams  of  a  solid  product  settled  out,  from  which  0.6  g  of  sodium  bromide  ^)(1.92  g  being  called  for)  was  ex¬ 
tracted  by  heating  the  product  with  a  mixture  of  anhydrous  acetone  and  absolute  alcohol.  Two  fractions  were 
secured  by  distillation  in  vacuo  after  the  ether  had  been  driven  off. 

Fraction  1,  with  a  b.p.  of  50-65*  at  4  mm  — 1.3  g.  A  colorless  liquid,  water-soluble,  with  the  odor  of  pyridine 
bases;  1.5190;  0.9976;  d}  1.0156;  it  was  a -vinylpyridine,  contaminated  with  diethylphosphturous  acid.  The 

diethylphosphorous  acid  was  determined  by  analyzing  for  phosphorous:  7  ml  of  NaOH  (1  ml  being  equivalent  to 
0.0008863  g  of  P)  was  required  to  titrate  0.1173  g  of  the  substance,  which  was  equivalent  to  0.3  g  of  diethylphosphor- 
ous  acid.  1  gram  of  the  a -vinylpyridine  distilled,  or  506.5  <)l)  of  the  theoretical  yield. 

The  action  of  auric  chloride  dissolved  in  hydrochloric  acid  yielded  a  -vinyl  chloraurate  as  minute  golden- 
yellow  needles,  whose  m.p.  was  144*  after  recrystallization  from  water.  An  ether  solution  yielded  the  picrate  as 
minute  yellow  needier,,  Th.e  picrate  m.p.  was  157-158*  after  recrystallization  from  alcohol.  The  constants  of  a- 
vinylpyridine  are  given  as  follows  in  the  literature:  b.p.  79-62*  at  29  nun;  dj  0.9985.  The  m.p.  of  the  chloraurate 
(C,HT*HCl-AuClg)  is  144“  [9]. 

Fraction  II,  with  a  b.p.  of  150-153*  at  5  mm,  weight  0.7  g.  An  oily,  water-soluble  liquid  containing  a  minute 
amount  of  a  solid  ivoduci  1.5020;  1.1290.  Fpund  %  P  11,3;  calculated  <7o  (for  the  ethyl  ester  ofB-phosphono- 

2-ethylpyridine):  P  12.75.  We  were  unable  to  isolate  the  ethyl  ester  of  6-phosphono-2-ethylpyridine  in  the  pure  state 
because  of  the  small  amount  of  the  fraction. 

SUMMARY 

1.  The  ethyl  esters  of  N'<6-phosphonoethyl)-piperidine  and  N’<7-phosphonopropyl)-^iperidine  have  been 
synthesized  by  reacting  N‘<6-bromoethyl)-piperidine  and  N-<y-bromopropyl)i;>iperidine  with  sodium  diethyl- 
phosphite.  The  hydrochlorides  of  the  respective  acids  have  been  secured  by  Mponifying  the  esters. 

2.  The  action  of  triethyl  phosphite  on  N-(0‘bromoethyl)-pipetidlne  and  N-(y-bromopiopyl)-piperidine  does 
not  yield  the  expected  esters,  N-<6-phosphonoethyl)^iperidine  and  N-(y-ph08phonopropyl)^iperidine,  respectively. 

The  boiling  point  of  triethyl  i^iosphite  is  49*  at  12  mm;  ti^  1.4135. 

*)  Part  of  the  sodium  biomide  dissolved  in  the  acetonenilcohol  mixture. 
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High  melting  substances  of  unknown  structure  are  produced. 

3.  a-Bromo-  and  a -iodopyridines  do  not  react  with  sodium  diethylphosphite.  The  principal  reaction  product 
of  the  reaction  between  2-<6-bromoethyl)i?yridine  and  sodium  diethylphosphite  is  a  ^inylpyridine. 
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ABSORPTION  SPECTRA  AND  FINE  STRUCTURE  OF  THE  SUBSTITUTION 
DERIVATIVES  OF  QUINOLINE,  THE  INITIAL  SUBSTANCES  FOR  A  NTIM  A  L  A  RIA  L  S 

I.  THE  TAUTOMERISM  OF  THE  ISOMERIC  2-  AND  4-AMINOPYRIDINES 


V.  I.  Bliznyukov 

The  2-  and  4-aminopyridines  differ  considerably  from  the  isomeric  3-aminopyridine  chemically;  they  are  not 
diazotized  under  ordinary  conditions,  for  example,  nor  do  they  form  salts  with  2  equivalents  of  HCl,  though  the  3- 
isomer  does.  Tautomerism  is  usually  cited  as  the  reason  for  these  and  other  differences.  It  is  proved  in  the  present 
spectographic  research  that  there  is  no  tautomerism  for  the  2-  and  4-aminopyridines.  The  ring  nitrogen  (meta- 
orienting)  and  the  amino  group  interact  mote  or  less,  depending  upon  the  nature  of  the  solvent  and  the  medium,  the 
interrelationship  that  is  established  resembling  that  occurring  with  nitroaniline,  hydroxybenzaldehyde,  etc.  The 
spectra  exhibit  absorption  bands  that  are  typical  of  ortho  and  para  substituted  derivatives,  while  the  bands  that  ate 
typical  of  the  tautomeric  imino  form  of  the  aminopyridines  is  not  found. 

We  undertook  the  study  of  the  isomeric  2-  and  4-aminopyridines  in  connection  with  spectrographic  research 
on  the  antimalarial  properties  of  quinoline  derivatives  in  which  a  diethylaminoalkyl  group  has  been  substituted 
at  the  4  or  2  position.  The  latter  presented  great  difficulty  in  selecting  the  spectra  of  the  principal  compound; 
6-methoxy-4-(5-diethylamino-a-methylbutyl)-aminoquinoline.  We  made  a  study  of  the  spectra  of  6^nethoxy-4- 
aminoquinoline,  4-aminoquinoline,  andtheasomeric  2-  and  4-  aminopyridines  in  order  to  interpret  them  correctly. 
We  start  out  with  the  simplest:  4-aminopyridine. 

E.  Braude  was  the  first  to  investigate  the  absorption  spectra  of  4-aminopyridine  in  1947,  his  results  being  pub¬ 
lished  casually  in  a  study  of  the  products  formed  in  the  reaction  of  acetamidobenzene-sulfanilazide  with  pyridine 
[1].  It  is  noted  that  the  spectrum  of  4-aminopyridine  in  n-amyl  alcohol  and  in  aqueous  solutions  of  hydrogen  chlor¬ 
ide  has  one  high-intensity  absorption  band,  while  its  spectrum  in  concentrated  sulfuric  acid  resembles  that  of  pyri¬ 
dine. 

One  distinct  absorption  band  with  a  maximum  of  approximately  X2440  A  is  found  for  4-aminopyridine  in  ethyl 
alcohol  solution.  The  absorption  specttjum  is  hardly  displaced  at  all  in  an  alcoholic  hydrochloric  solution,  but  an¬ 
other  band  with  a  maximum  at  X2600  A  appears,  together  with  a  very  low  minimum,  separating  it  from  the  short¬ 
wave  region  [2]. 

The  absorption  spectrum  of  4-aminop^tidine  in  a  dioxane-water  solution  {l‘2P]o'.2'8P]o)  has  a  single  absorption 
spectrum  with  a  maximum  at  about  X2610  A  [3]. 

We  made  a  more  thorough  investigation  of  4-aminopyridine  in  hexane,  alcohol,  water,  glycol,  dichloro- 
ethane,  and  chloroform  in  the  presence  of  alcoholic  solutions  of  HCl  of  various  strengths,  in  72<7o  HCIO4,  in  con¬ 
centrated  HSO4,  and  in  solutions  of  sodium  alcoholate.  In  our  research  we  used  4-aminopyridine  secured  from 
pyridine  via  4-pyridyl-pyridinium  dihydrochloride  and  treating  the  latter  with  ammonia  [4].  Colorless  white 
crystals  with  an  m.p.  of  159*  after  recrystallization  from  water  and  then  from  heptane.  The  figures  given  in 
the  literature  are:  m.p.  157-158“  [2],  150*  [3],  and  159-160“  [5]. 

4-Aminopyridine  in  neutral  solutions.  4-Aminopyridine  dissolved  with  great  difficulty  in  hexane.  We  were 
able  to  begin  our  investigation  at  the  concentration  of  2  •  10  ■*  mole.  The  absorption  spectrum  has  two  absorption 

O  0 

bands,  one  with  a  maximum  at  approximately  X  2550  A  and  eSOOO  and  the  other  a  distinct  band  with  a  maximum 
at  X2295  A  and  £  40000, 

A  comparison  of  the  absorption  spectrum  curves  of  4-aminopyridine  in  hexane  and  in  dichloroethane  with 
the  spectrum  of  aniline  in  hexane  (Fig.  1,  Curves  1,  4,  and  10)  shows  their  similarity  in  the  far  ultraviolet, 
whenever  the  only  difference  between  the  maxima  at  approximately  X2300  A  is  their  intensity.  The  absorption 

*  The  mean  point  of  the  extended  curve  was  taken. 
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band  for  aniline  in  die  middle  ultraviolet,  with  a  maximum  at  \  2845  A  is  not  found  in  the  4-aminopyridine  curve, 
possibly  because  of  its  lower  intensity  and  its  displacement  toward  the  shorter  wave-lengths.  The  aniline  band  widi 
a  maximum  at  X  2845  A  is  fairly  close  to  the  bend  in  the  curve  of  the  4-dimethylamlnopyridine  substituted  on  the 
amino  group  in  dioxane  (Fig.  1,  Curve  9). 

The  absorption  curve  of  4-aminopyridine  in  hexane,  with  a  maximum  at  X  2550  A,  may  correspond  to  the 
pyridine  band  with  a  maximum  at  X2520  A ,  log  €3.4  for  pyridine  (Fig.  1,  Curves  1  and  6).  Table  1  below  collates 
the  maxima  of  the  absorption  bands  of  4naminopyridine,  pyridine,  and  aniline  in  hexane. 


TABLE  1 


Compound 

First  aniline 

band 

Pyridine  band 

Second  ani¬ 
line  band 

X 

€ 

X 

€ 

X 

e 

4-Aminopyridine  in  hexane 

- 

— 

2550^ 

3000 

2295 

40000 

4-Aminopyridine  in  dichloroethane 

- 

- 

2550 

3500 

2365 

12500 

4-Dime*ylaminopyitdJne  in  dioxane- 
water  solution  (72^-,  28%)  (Anderson) 

2900^- 

2000 

? 

? 

2580 

25000 

Aniline  in  hexane  (Klingstedt) 

2845 

1470 

- 

- 

2340 

6800 

Pyridine  in  hexane 

- 

- 

2530 

2000 

- 

- 

Thus,  there  is  one  ab¬ 
sorption  band,  in  the  far  ultra¬ 
violet,  in  the  spectrum  of  a 
nondipole  hexane  solution  of 
4  -aminopyridine.  The  same 
sort  of  band  is  found  in  ani¬ 
line.  This  signifies  that  ting 
nitrogen  plays  no  part  herein, 
so  that  the  same  conditions 
are  present  for  the  reaction 
of  the  NHg  group  widi  the 
ring  as  exist  in  aniline. 


The  mean  point  of  the  extended  curve  was  taken.  .1.1-  •  u  j 

Another  absorption  band 

is  found  in  the  spectrum  of  the  same  hexane  solution  of  4-aminopytidine  in  the  middle  ultraviolet.  There  is  the  same 
sort  of  band  in  pyridine.  This  means  that  the  groi^ plays  no  part  here,  so  that  the  same  conditions  exist  for  the 
reaction  of  nitrogen  with  the  ring  as  are  present  in  pyridine.  If  we  assume  that  the  molecules  of  4-aminopyridine 
are  associated,  we  may  actually  have  favorable  conditions  in  hexane  for  the  appearance  of  the  above-mentioned 
aniline  and  pyridine  absorption  curves  in  4-aminopyridine  (Diagram  A)t 


In  this  diagram  of  associated  4-aminopyridine  (A),  the  amino  group  of  one  molecule  is  connected  by  a  hydrogen 
bond  with  the  ring  nitrogen  of  a  second  and  third  molecule.  As  a  result,  the  ability  of  4-aminopyridine  to  exhibit 
absorption  bands  in  its  spectra  that  are  present  in  aniline  and  pyridine  may  be  ascribed  to  the  conjugation  effect  [8], 
which  causes  the  ring  nitrogen  to  be  electron  acceptor  center  in  the  left-hand  portion  of  the  associated  amino  pyridine, 
with  the  NI^  group  being  the  electron  donor  center  at  the  right. 


The  absorption  spectra  of  4-aminopyridine  have  been  studied  in  water,  glycol,  and  alcohol  at  concentrations 
of  2  •  10"*  to  2  •  10"*  mole.  When  we  compare  the  curve  of  4-aminopyridine  in  water  with  that  in  hexane  (Fig.  1, 
Curves  2  and  1)  demonstrates  that  they  differ  greatly.  As  a  result  of  dissolution  in  water,  the  absorption  band  of 
4-ajninopyildine  that  uncalled  the  "pyridine*  band  does  not  appear,  though  we  find  a  new  high-intensity  band  with 
a  maximum  of  X  2600  A  and  eSOOOO.  Aniline  manifests  hardly  any  band  in  the  far  ultraviolet  owing  to  its  faint¬ 
ness  together  with  the  displacement  of  the  maximum  to  the  visible  region. 

In  glycol  4-aminopyridine  exhibited  one  high-intensity  band,  exactly  like  the  one  in  the  aqueous  solution, 
with  a  maximum  at  X  2600  A  and  a  further  lowfering  of  die  minimum  to  e  1000  (Fig.  1,  Curves  5  and  1). 

The  absorption  curve  of  4-amincpyridine  in  alcohol  resembles  its  spectrum 
in  hexane.  It  is  distinguished  by  the  slightly  lower  intensity  of  the  (second) 
aniline  band  in  the  far  ultraviolet  and  a  su|}suntial  shift  of  the  maximum  of 
this  band  toward  the  visible  region  by  165  A.  As  compared  to  its  curves  in 
water  and  in  glycol,  the  curve  of  4-aminopyridine  in  alcohol  exhibits  a  sightly 
more  pronounced  inflection  of  the  curve  in  the  region  where  the  X  2600  A 
maximiun  is  located  and  has  an  aniline  absorption  curve  in  the  far  ultra¬ 
violet  (Fig.  1,  Curve  3  and  1).  The  dau  on  the  band  maxima  of  4-aminopyridine  in  water,  glycol,  alcohol,  and 
hexane  are  listed  in  Table  2. 

In  hexane  that  contained  a  minute  quantity  of  water  on  the  basis  of  2  moles  of  water  per  mole  of 

4-aminopyridine,  with  the  concentration  of  the  latter  totaling  2-10  *  mole,  we  secured  a  4-aminopyridine  curve 
that  practically  coincided  with  its  curve  in  anhydrous  hexane.  We  do  not  reproduce  this  curve  to  save  space. 


In  its  chemical  nature  and  electron  distribution  [6]  the  pyridine  nucleus  more  closely  resembles  nitrobenzene 
than  benzene.  In  pyridine  derivatives  -  2-  and  4-<:hlotopyridines  —  the  halogen,  for  example,  is  hydrolyzed  as 
readily  as  in  the  2-  and  4-chloronitrobenzcnes,  in  contrast  to  the  low  reactivity  of  the  halogens  in  the  corresponding 
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TABLE  2 


Compound 

"Para-band" 

Pyridine  band 

Aniline  band 

X 

e 

X 

6 

X 

c 

4-Aminopyridine  in  water 

2600 

50000 

- 

- 

2350* 

12000 

4-Aminopyridine  in  glycol 

2615 

50000 

— 

— 

— 

— 

4- Amino  pyridine  in  alcohol 

2625* 

5000 

— 

— 

2460 

31000 

4-Aminopyridine  in  hexane 

— 

— 

2550 

3000 

2295 

140000 

chlorobenzenes.  The  resemblance  of 
pyridine  and  its  derivatives  to  nitro¬ 
benzene  is  also  manifest  in  the  inabil¬ 
ity  of  the  former  to  enter  into  substi¬ 
tution  reactions  when  anhydrous  alum¬ 
inum  chloride  is  present. 

On  the  other  hand,  pyridine  and 
its  derivatives  act  like  weak  bases  [7] , 
when  dissolved  in  water,  chloroform. 

carbon  tetrachloride,  chlorobenzene,  and  other  solvents,  giving  a  "noncovalent"  electron  pair  of  the  ring  nitrogen  to 
the  solvent’s  molecule. 

C5H5N:  +  H-OH^  C5H5N  ...  H-OH^  [CsHjNHl'^OH" 

The  discovery  of  an  absorption  band  with  a  maximum  at  approximately  X  2600  A  in  the  spectra  of  aqueous 
solutions  of  4-aminopyridine  may  be  attributed  to  the  band  that  is  typical  of  para -substitution  derivatives  and  is  ex¬ 
plainable  as  a  manifestation  of  a  conjugation  effect  [8],  the  "noncovalent"  electron  pair  of  the  amino  group  being 
involved  in  interaction  with  the  ring  nitrogen.  This  will  promote  the  hydration  of  the  ring  and  the  emergence  of  a 
singly -charged  cation. 


NHi 


+  H-OH 


+  OH‘ 


H-OH 


The  general  shape  of  the  absorption  band  of  4-aminopyridine  that  has  a  maximum  at  about  X  2600  A  reminds 
one  of  the  typical  "para absorption  band"  of  p-nitroaniline  or  p-nitrophenol  or  p-hydroxybenzaldehyde,  and  the  like. 
The  spectral  absorption  curves  of  these  compounds  are  not  reproduced  for  comparison  with  the  4-aminopyridine 
cuive,  because  their  "para  bands"  are  greatly  shifted  toward  the  visible  region.  This  is  attributable  to  the  similarity, 
but  not  equivalence,  of  the  nitrogen  atom  in  the  ring  and,  say,  the  nitro  group  in  the  side  chain.  Hence,  the  weaken¬ 
ing  of  the  (second)  aniline  band  in  the  far  ultraviolet  observed  when  4-aminopyridine  is  dissolved  in  water  and  in  gly¬ 
col  may  be  attributed  to  a  conjugation  effect,  the  "noncovalent"  electron  pair  of  the  nitrogen  atom  in  the  amino 
group  reacting  with  the  ring  nitrogen. 

Measurements  of  the  dipole  moment  likewise  indicate  the  feasibility  of  the  emergency  of  a  "para  band"  in  4- 
aminopyridine.  4-Aminopyridine  has  a  p  =  4.36  D  [5],  which  is  considerably  higher  than  that  calculated  from  the 
moments  of  pyridine  and  aniline  in  dioxane  (2.22  +  1.90  =  4.12  D). 


^Aminopyridine  in  alcoholic  solutions  of  HCl,  concentrated  HCIO4,  and  concentrated  H^S04.  4-Aminopyri- 
dine  dissolved  with  a  concentration  of  2*10'^  to  2*10'^  mole  in  alcohol  that  contained  0.1  mole  of  HCl  per  mole  of 
the  substance  (Figure  2,  Curves  6  and  9)  exhibited  a  complex,  wide  absorption  band  with  a  maximum  at  approxim¬ 
ately  X  2460  A  and  €10000.  Compared  to  the  curve  in  neutral  alcohol,  the  intensity  is  much  greater  in  the  vicinity 
of  the  "para  band",  and  there  is  no  aniline.  Apparently  these  bands  are  superimposed.  Such  a  change  in  the  absorp¬ 
tion  spectra  of  4-aminopyridine  in  the  presence  of  dilute  solutions  of  HCl  of  the  order  of  2*10"*  mole  (or  about 
O.OOl^oHCl)  cannot  be  attributed  to  the  formation  of  a  salt,  inasmuch  as  alcoholysis  usually  sets  in  under  these  con¬ 
ditions.  In  all  probability  we  have  here  the  combined  action  of  two  reagents,  the  alcohol  and  the  hydrogen  chloride, 
on  the  ring  nitrogen  of  the  4-aminopyridine,  analogous  to  the  action  of  water  noted  above,  though  not  as  strongly. 
Increasing  the  quantity  of  HCl  tenfold  brings  about  the  formation  of  a  "para  absorption  band"  with  a  maximum  of 
X  2630  A  and  €  20000,  and  a  (second)  aniline  absorption  band  with  a  maximum  at  X  2490  A  and  e  20000  in  4- 
aminopyridine  (dissolved  in  alcohol  containing  1  mole  of  HCl  per  mole  of  the  substance)  in  concentrations  ranging 
from  2*10^  to  2*10"^  mole  (Figure  2,  Curves  5,  9,  and  6).  The  minimum  separating  these  bands  is  very  shallow, 
though  the  minimum  delimiting  the  aniline  absorption  band  on  its  short-wave  side  is  deeper,  extending  to 
€  2000.  Increasing  the  amount  of  HCl  to  100  moles  of  HCl  per  mole  of  4-aminopyridine,  with  the  latter’s  con¬ 
centration  ranging  from  2*10"*  to  2-10"*  (Figure  2,  Curve  1)  brings  forth  one  high-intensity  band,  corresponding  to 
a  "para  band"  with  a  maximum  at  X  2630A  and  e.  60200,  and  deepens  the  minimum  delimiting  this  band  on  its 
short-wave  side  to  elOOO.  When  the  concentration  of  hydrochloric  acid  is  raised  from  25,000  to  250,000  moles  of 
•  " 

The  mean  point  of  the  extended  curve  was  taken. 
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1)  4-*minopynd'ne  in  hexane  2*10"* 
mole;  2)  4^muM.>pviidine  in  water, 
from  2*  10"*  to  2*10  *  mole;  3)  4- 
•minopyridine  in  alcohol,  from 
2*10“*  to  2*10'*  mole;  4)  4  ammo  ■ 
pyridine  in  dichloroeinane,  from 
2*ld*  to  4*10'*  mole;  5)  4  a  mino  ¬ 
pyridine  in  glycol j  from  10  *to 
2-10'*  mole;  6)  py:-.>dine  m  hexane; 
7)  l-mcthyl--4‘*im;Qopyr'id3ne  dis¬ 
solved  in  :  10^  dioxane  waver 
(Anderson);  8)  l-methyl-4-‘amino- 
pyridine  in  lV}ot2&]o  dioxane  water 
(Anderson);  9)  4“d;,merjhylam.ino- 
pyridine  dissolved  in  90^;lO7o  di- 
oxane-water  (Anderson);  10)ani- 
line  in  hexane  (Kllngstedt). 


1)  4-aminopyridine  in  alcohol,  from 
2*10-*  to  2‘10'V  100  moles  HCl; 

2)  4-aminopyridine  in  a  S^nolar 
alcoholic  solution  of  HCl,  from 
2*10“*  to  2*icr*  mole;  3)  4-amin0“ 
pyridine  in  12Pjo  (12-TOolar)  HCIO4, 
from  2  lO"*  to  2  10"*  mole  5)  4- 
aminopyridine  in  alcohol  10"*  mole 

+  1  mole  of  HCl;  6)  4’aminopyridine 
In  alcohol  from  2  10^' to  2  10“* 
mole  -f  0  1  mole  of  HCl^  7)4'amino- 
pyiidine  in  cone  (17  5-molar)  HJSO4 
from  2  10"“  to  2  10"*  mole;  8)  4- 
aminopyridine  in  alcohol  -h  100 
molar  HCl.  neutralized  with  an  ex¬ 
cess  of  100“ molar  NaOCjHj  3  lO"^ 
mole;  9)  4-aminopyridine  in  neutral 
alcohol;  10)  pyridine  in  cone  H,S04. 


HCl  (5-molar  HCl),  practically  no 
change  takes  place  in  the  absorp¬ 
tion  spectrum  of  the  4  aminopyri¬ 
dine,  Curves  1  and  2  display  the 
same  absoiption  band,  the  maxi¬ 
mum  of  which  in  the  spectrum 
Wi  th  100  moles  of  HCl  being 
somewhat  weaker.  Moreovei,  the 
high  transmissibilky  of  the  acid 
solution  causes  an  absorption  band 
to  appear  in  the  far  ultraviolet 
with  a  maximum  at  X  2115  A  and 
e  39400,  which  may  be  attributed 
tc  the  etb.ylenic  double  bond.  The 
figures  on  the  maxima  of  4  amino- 
pyridine  in  alcoholic  solutions  of 
hydrogen  enloride  containing  dif¬ 
ferent  concentrations  of  HCl  are 
listed  in  Table  3.  The  presence  of 
a  "para  absorption  band"  in  the 
'pectra  of  acid  solutions  of  4‘amlno- 
pyridine  as  the  HCl  concentration 
is  varied  over  a  wide  range,  from 
2*10"®  10  5  -molar  solutions  of  HCl, 

IS  evidence  that  4-amiriopytidine 
forms  a  salt  only  with  one  equiva¬ 
lent  of  the  acid,  notwithstanding 
ihe  piesence  of  two  nitrogen  atoms 
in  the  4‘-aminopyridine  molecule, 

Maickwaid  [9]  and  Meyer 
[10]  also  noted  that  they  could  not 
isolate  salts  with  twe  molecules  of 
the  acid  when  they  reacted  4-amino- 
pyridme  wish  fuming  HCl,  in  con¬ 
trast  to  the  isomeric  3--aminopyii'“ 
dine. 

The  action  of  2  moles  of  an 
alcoholic  solution  of  NaOCiHs  on 
4-aminopyrrdine,  the  latter's  con¬ 
centration  tanging  from  2-10“®  to 
2*10"“  mole  (Figure  2,  Curves  3 
and  9)  and  that  of  a  weaker  solu¬ 
tion  of  NaOC2H5  involve  a  weak¬ 
ening  of  the  "para  absorption  band" 
compared  to  the  curve  in  neutral 
alcohol,  while  the  mirarrum.  de¬ 
limiting  the  (second)  aniline  band 
on  its  short-wave  side  is  simultan¬ 
eously  raised  from  c  3000  to  c 
6000.  This  is  evidently  due  to  a 


decrease  in  the  ability  of  the  alco¬ 
hol  to  be  added  to  the  sing  nitrogen  or  to  excite  it  in  an  alkaline  m.ediam.  The  reversibility  of  the  tramition  of  the 
4-aminopyiidine  liom  the  acidic  solution  to  the  alkaline  one  war  tested  as  follows;  sodium  alcoholate  in.  an  excess 
above  100  moles  of  NaOC|Hg  was  added  to  4- aminopyridine,  dissolved  in  alcohol  containing  100  moles  of  HCl,  in 
order  to  neutralize  tihe  latter  (Figme  2,  Curves  8,  3,  and  1),  The  coincidence  of  the  curves  (8  and  3)  foi  4-amino- 
pyrldine  after  the  acid  had  been  neutralized  by  the  alconolate  and  when  the  NaOC^H^  acted  on  the  4-  aminopyri- 
dinc  directly  is  quite  satrfactoiy.  Hence,  there  are  no  profound  changes  when  4-aminopyridine  interacts  with 
hydrogen  chltvide. 
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TABLE  3 


Compound 

"Para-band" 

(Second)  1 
aniline  bandj 

Ethylene 

band 

X 

€ 

X 

e 

X 

€ 

4-Aminopytidine  in  alcohol 
containing  0.1  mole  HCl. 

2460 

10000 

4-Aminopyridine  in  alcohol 
containing  1  mole  HCl... 

2630 

20000 

2490 

20000 

4“  Amino  pyridine  in  alcohol 
containing  100  moTesHCl 

2630 

60200 

— 

_ 

2115 

40000 

4-Aminopyridine  in  alcohol 
containing  25,000  to 
250,000  moles  HCl  (in 

5 -molar  HCl) . 

2650 

100000 

4- Amino  pyridine  in  neutral 
alcohol . 

2625 

5000 

2460 

31000 

_ 

Our  research  on  4-aminopyridine 
was  continued  with  conc.H2S04  (17.5 
molar).  The  spectral  absorption  curve 
of  4-aminopyridine  in  conc.H2S04  pre¬ 
cisely  repeats  the  curve  for  unsubstituted 
pyridine  in  conc.H2S04  (Figure  2, Curves 
7  and  10).  having  a  single  absorption 
band  with  a  maximum  at  X  2550  A  and 
c  5000. 

The  fact  that  the  absorption  spec¬ 
trum  of  4-aminopyridine  in  conc.HjS04 
turns  into  that  of  pyridine  may  indicate 
that  a  salt  is  produced  under  these  con¬ 
ditions  at  the  amino  group,  its  interac¬ 
tion  with  the  ring  being  suppressed,  while 
a  doubly  charged  cation  is  formed  (Dia¬ 
gram  B). 


In  contrast  to  salt  formation  in  17.5-molar  HJSO4,  the  salt  formation  in  72<^  (12^olar)  chloric  acid,  with 
the  concentration  of  the  4-aminopyridine  ranging  from  2’10'*  to  2*10'^  mole  (Figure  2.  Curves  4  and  7).  involves  the 
retention  of  the  "para  absorption  band"  with  a  maximum  at  X  2560  A  and  £  16000.  As  compared  with  the  spectral 
absorption  curve  of  4-aminopyridine  in  5-molar  HCl  (Figure  2.  Curves  4  and  2).  the  end  of  the  curve  is  shifted  appre¬ 
ciably  toward  the  ultraviolet,  by  100-150  A,  resulting  in  the  formation  of  a  doubly  charged  cation  while  the  singly 
charged  cation  is  retained. 

T 

2-Aminopyridine  in  Neutral  Solutions  + 

-  (1  •>•[«] 


The  absorption  spectrum  of  2-amlnopyridine  has  been  investi-  I  1 

gated  [11],  one  absorption  band  having  been  found  in  neutral  and  acid 
solutions.  One  band  with  a  maximum  at  X  2900  A  and  ^  38OO  has  also 
been  found  for  2-aminopyridine  in  heptane  [12] .  When  the  measurement  H 

of  the  absorption  spectrum  of  2-aminopyridine  in  heptane  was  repeated, 
one  absorption  band  was  again  found,  with  a  maximum  at  X  2900  A  and 
6  4000  [13].  When  the  absorption  spectrum  of  2-aminopyridine  was  investigated  in  alcohol,  in  a  weak  acidic 
medium,  and  in  a  weak  alkaline  medium  (0.01  N  HCl  and  0.01  N  NaOH),  two  absorption  bands  were  found,  with 
maxima  at  X  3000-2850  A  and  €  6000-4000  and  X  2350-2250  A  and  €  12000-10000  respectively  [2];  one  absorp¬ 
tion  band  with  a  maximum  at  X  3000  A  and  €  4450  was  found  at  temperatures  of  25,  65,  and  80*  in  a  dioxane- 
water  solution  (12%:  28%)  [3]. 


We  made  a  more  detailed  spectrographic  study  of  2-aminopyridine  in  hexane,  water,  alcohol,  dichloro- 
ethane,  and  glycol,  and  in  acidic  solutions  ranging  from  2*10“*iholeHCl  to  strong  17.5  mole  H^S04.  We  used  in  our 
tests  a  2-aminopyridine  prepared  by  reacting  pyridine  with  sodamide,  as  specified  by  A.E.Chichibabin  and  Zeide 
[14].  The  2-aminopyridine  was  also  prepared  by  reacting  2H3romopyridine  with  ammonia  [15].  The  base  was 
refined  by  distillation  in  vacuo  and  recrystallization  from  petroleum  ether.  B.p.  57-58.  The  figure  given  in  the 
literature  is  57-58*  [3]. 

The  absorption  spectrum  of  2-aminopyridine  in  hexane,  at  concentrations  of  lO"*  to  2*10“*  mole  exhibits  two 
absorption  bands  with  a  maximum  at  X  2850A  and  €  3000  and  a  maximum  at  X  2300  A  and  €  12000,  respectively. 
As  we  see  from  a  comparison  of  the  absorption  spectra  curves  of  2-aminopyridine  and  aniline  in  hexane  (Figure  3, 
Curves  1  and  7),  the  aniline  spectrum  is  substantially  changed  without  making  any  allowance  for  the  pyridine  ab¬ 
sorption  band,  in  contrast  to  4-aminopyridine.  Adding  a  minute  amount  of  water  to  the  hexane,  namely  2  moles  of 
water  per  mole  of  2naminopyridine  when  the  latter's  concentrations  lies  between  2*10‘*  and  2*10'*  (Figure  3,  Curves 
1  and  2)  strengthens  the  absorption  band  of  the  2-aminopyridine,  especially  at  X  2850  A.  The  intensity  of  these  2- 
aminopyridine  absorption  bands  is  also  increased  in  an  aqueous  solution,  though  much  less  strongly  than  in  hexane 
that  contains  a  small  percentage  of  water,  dissolution  in  water  producing  a  shift  of  the  2-aminopyridine  curves  by 
75  A.  Water's  paroperties  as  a  solvent  are  manifested  in  two  ways  in  this  instance:  in  the  substance,  i.e.,  as  a 
stror^ly  associated  liquid  that  reluctantly  gives  up  its  own  association  for  association  with  the  molecules  of  2- 
aminopyridine,  and  in  the  form  of  associated  molecules,  but  not  in  the  substance,  rather  distributed  among  the 
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hexane  molecules  so  that  there  ate  two  molecules  of  water 
for  every  molecule  of  2-aminopyiidine.  That  is  why  the 
associated  molecules  of  water  are  more  easily  dissociated 
than  the  molecules  of  2-aminopyridme.  The  rise  in  the 
intensity  of  the  2-aminopyiidme  absorption  bands  observed 
in  both  instances,  compared  to  their  strengm  in  hexane,  is 
evidently  die  result  of  the  addition  of  water  to  the  ring 
nitrogen. 

Hence,  in  contrast  to  4  aminopyridine,  2-amino~ 
pyridine  reuins  the  general  nature  of  its  spectrum  in 
hexane  and  in  water,  with  two  absorption  bands.  This 
must  correspond  to  an  election  distribution  like  that  in  the 
respective  ortho  substitution  derivatives  of  benzene,  and  it 
may  be  attributed  to  a  conjugation  effect  produced  when 
the  amino  group  and  the  ring  niuogen  interact,  as  m  o- 
nitroaniline  or  o-hydioxybenzaidehyde  or  o-nitropnenol, 
and  the  like. 

In  contrast  to  the  isomeric  4emlnopyridine,  the 
spectral  absorption  bands  of  anilme  and  pyridine  are  not 
found  in  2-«minopyndine,  most  probably  because  of  the 
superposition  of  the  strongest  ”o:-:tho  absorption  bands,” 

It  is  still  uncertain  whether  an  intramolecular 
hydrogen  bond  is  esubhsbed  here  between  the  amino 
group  at  the  2  position  and  the  ring  nitrogen,  that  2-* 
aminopyridine  has  a  basicity  that  is  far  from  the  same  as 
that  of  the  isomeric  4-aminopyridine.  The  literature  gives 
PK^  =  7.2  for  2 -aminopyridine  and  9.1  fox  4-aminopyridine 
[16]. 

The  specaal  absorption  curves  of  2- aminopyridine 
in  dichloroethane  and  chloroform  lie  between  the  carves  in 
hexane  -  and  in  water,  there  being  a  slight  bend  in  the  di- 
chloroethane  curve  (Figure  3,  Curve  5}  at  about  X  2860  A. 
The  minimum  bounding  the  band  on  its  shortwave  side  at 
X  2250  A  rises  from  e  6000  to  €  12000  and  is  shifted 
somewhat  toward  the  visible  region. 

The  general  features  of  the  absorption  spectrum 
curve  of  2Himinopyridine  in  alcohol  resemble  those  of  the 
curve  in  water  (Figure  3,  Curves  4  and  3).  One  difference 
is  the  greater  depth  of  the  absorption  band  minima  that 
separate  them:  the  minimum  at  X  2550  A  drops  from 
€  600  to  €  300,  while  the  minimum  at  X  2200  A  drops 
from  €  6000  to  €  2000.  Table  4  gives  the  figures  for  the 
maxima  and  minima  of  the  absorption  curves  of  2-amino“ 
pyridine  in  various  organic  solvents  and  of  amline  in  hexane. 

The  spectral  absorption  curve  of  2iaminopyridine  in 
glycol  resembles  the  curve  in  water  and  in  alcohol  (Figure 
3,  Curves  6,  3,  and  4),  the  shift  of  the  end  of  the  curve 
toward  the  longer  wavelengths  being  greatest  and  both 
absorption  bands  being  stronger. 


X  i 


»eo  3^  30  28  26  2^  Zl  2000 


1)  2 -aminopyridine  in  hexane,  from  10*  to 
2*10*  mole?  2)  2- aminopyridine  in  hexane  con" 
uining  0,07«lfc  Si^O,  from  2«io'*  to  2*icr*  mole; 
3)  2 “aminopyridine  in  water,  ftom  5*10  to 
5»1(J*  mole;  4)  2  aminopyridine  in  alcohol, 
from  10*  to  5*10*  mole;  5)  2 “aminopyridine  in 
dichloroethane,  from  5»10*  to  S-IO**  mole, 

6)  2 -  aminopyridine  in  glycol,  from  2'>10‘*  to 
2<>10‘®  mole;  7)  anikne  in  hexane  (Klingstedt) 
and  in  alcohol  (Biquaid);  8)  l"methyl“2  “ 
aminopyridine  in  alcohol,  10**  mole  (Goldfarb); 
9)  l-methyl-2  -iminopyridine  in  heptane  (Gold- 
farb). 


Thus,  the  absorption  spectrum  of  2-aminopyi’idine  has  two  absorption  bands  in  all  the  neutral  solutions  men" 
tioned  above,  due  apparently  to  an  equalization  of  the  electron  density,  as  in  ortho  substitution  derivatives.  As  for 
the  increase  or  decrease  in  the  intensity  of  the  individual  absorption  bands  of  the  "ortho  type”  when  we  shift  frdhi 
one  neutral  solvent  to  anodier,  this  depends  upon  the  varying  ability  of  the  ring  nitrogen  to  retam  a  solvent  molecule. 
As  a  result,  the  ring  nitrogen  becomes  more  <x  less  positive  and,  as  a  meta-orienting  factor,  exhibits  more  or  less 
similarity  to  the  nitro  group,  say,  as  in  o-nitroanillne;  that  is,  the  nitrogen  and  the  group  in  2-aminopyridine 
can  react  together  more  or  less  readily,  this  being  reflected  in  the  absorption  spectra  by  the  emergence  of  the 
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TABLE  4 


Compound 

(First)  "ortho-band"  ’ 

(Second)  " 

ortho-band" 

Maximum 

Minimum 

Maximum  ' 

Minimum 

X 

X 

€ 

X 

€ 

X 

e 

2- Amino  pyridine  in  hexane . 

2850 

3000 

2560 

600 

2300 

12000 

2180 

6000 

2-Aminopyridine  in  hexane  with  0.07%I^O 

2900 

10000 

2545 

780 

2310 

18000 

- 

- 

2-Aminopyridine  in  water . 

2940 

6000 

2520 

600 

2280 

16000 

2175 

7200 

2-Aminopyridine  in  alcohol . 

2950 

5000 

2553 

300 

2350 

20000 

2195 

2000 

2-Aminopyridine  in  glycol . 

2955 

12000 

2575 

790 

2380 

30000 

- 

- 

2-Aminopyridine  in  dichloroethane . 

2915 

6000 

2565 

600 

2335 

20000 

2245 

12000 

Aniline  in  hexane  (Klingstedt) . 

2845 

1470 

2600 

400 

2340 

6800 

2150 

2500 

rcspc.vavc  "ortho  a^ibcr  ^ion  hauas".  ^  ■  ,  , 

The  2-  and  4-aminopyridines  differ  greatly  from  the  isomeric  3-aminopyridine,  chemically  speaking;  for 
example,  they  are  not  diazotized  under  ordinary  conditions  nor  do  they  produce  salts  with  2  equivalents  of  HCl, 
though  the  3-isomer  does.  The  phenomenon  of  tautomerism  is  usually  cited  as  an  explanation  of  these  differences 
[17].  Goldfarb,  Setkina,  and  Danyushevsky  [13]  prepared  1 -methyl- 2 -iminopyridine  and  investigated  it  spectro- 
gjaphically  while  Anderson  and  Seeger  [3]  prepared  and  investigated  that  as  well  as  methyl- 4 -iminopyridine  as 
derivatives  of  the  tautomeric  imino  form.  They  found  that  the  absorption  spectrum  for  the  imino  form  has  two  ab¬ 
sorption  bands,  the  maxima  of  1- methyl- 2 -iminopyridine  in  heptane  being  located  at  X  3400  A  and  2500;  and 
^  2525  A  and  €  3000,  while  the  maxima  of  l-methyl-4 -iminopyridine  in  a  dioxane— water  solution  ate  located  at 
X  3170  A  and  €  2500  and  X  2750  A  and  €  50000. 

When  we  compare  the  spectral  absorption  curves  of  2-  and  4-aminopyridines  in  hexane  with  the  curves  of  1- 
methyl-2  -iminopyridine  and  l-rhethyl-4 -iminopyridine  (Figure  3,  Curves  9  and  1;  Figure  1,  Curves  7  and  1),  we 
find  no  tautomeric  imino  form  of  the  2-  and  4-aminopyridines  in  the  absorption  spectra  we  have  investigated. 

2-Aminopytidine  in  Alcoholic  Solutions  of  HCl,  in  Cone .  HCIO4.  and  in 
Cone.  H2SO4. 

The  2-aminopyridine  has  been  studied  in  alcoholic  solutions  of  hydrogen  chloride,  starting  with  weak  con¬ 
centrations  of  the  order  of  2*10'* —2‘10"*  mole  and  ranging  up  to  strong  concentrations  of  4-mole  solutions  of  HCl. 
2-Aminopyridine,  dissolved  in  alcohol  containing  0.1  mole  of  HCl  per  mole  of  substance,  the  concentrations  of  the 
latter  ranging  from  5*  10"®  to  5- 10"^  mole,  produced  a  spectral  absorption  curve  (Figure  4,  Curve  3)  with  two  high- 
intensity  absorption  banda.  a  maximum  at  X2935  A  and  «  6200  and  another  at  X  2325  A  and  €  18000.  As  compared 
with  the  2-aminopyridine  curve  in  neutral  alcohol,  this  percentage  of  HCl  (approximately  0.001%  )  shifts  the  curve 
slightly  toward  the  longer  wavelengths,  intensifies  the  first  absorption  band  and  reduces  the  depth  of  the  minima  of 
both  bands  by  approximately  half.  Increasing  the  percentage  of  HCl  to  10  times  what  it  was  before  produces  an  even 
larger  shift  of  the  end  of  the  curve  toward  the  visible  region,  by  about  150  A,  and  an  increase  in  the  intensity  of  the 
maxima  of  both  absorption  bands  for  2-aminopyridine  in  concentrations  of  5*10“*  to  b-lO"®  mole,  with  1  molecule  of 
HCl  per  molecule  of  the  substance  (Figure  4,  Curves  2  and  3).  The  band  maximum  at  X  2940  A  grows  much  broad¬ 
er  in  the  vicinity  of  X  2850  A  without  any  appreciable  change  occurring  in  the  position  of  the  minimum  of  this 
band,  while  the  depth  of  the  minimum  of  the  X  2325  A  band  bounding  it  on  the  shortwave  side  is  nearly  8  times 
less.  The  curve  for  2-aminopyridine  dissolved  in  alcohol  containing  100  moles  of  HCl,  at  concentrations  of  b-lO"* 
to  bHO'^  mole  (an  increase  of  100  and  1000  times  in  the  percentage  of  HCl  over  the  previous  figures)  generally  re¬ 
sembles  the  curve  for  2-aminopyridine  in  alcohol  containing  1  mole  of  HCl  (Figure  4,  Curves  1,  3,  and  2).  The  dif¬ 
ference  is  that  the  X  2940  A  band  maximum  has  a  bend  at  X  2775  A  and  €  6000,  corresponding  jto  the  previously 
noted  spreading  of  the  maximum  of  the  X  2940  A  absorption  band  on  the  curve  for  2-aminopyridine  in  alcohol  con¬ 
taining  1  mole  of  HCl.  The  minimum  that  bounds  this  band  on  the  shortwave  side  becomes  deeper,  dropping  from 
c  600  to  c  300.  Table  5  lists  the  figures  on  the  band  maxima  and  minima  for  2-aminopyridine  in  alcoholic  solu¬ 
tions  of  hydrogen  chloride  with  varying  concentrations  of  HCl. 

2-Aminopyridine  dissolved  in  a  4-mole  alcoholic  solution  of  HCl,  its  concentrations  ranging  from  5- 10"®  to 
5- 10"®  mole,  yielded  a  spectral  absorption  curve  that  resembled  the  curve  for  2-aminopyridine  with  100  molecules 
of  HCl  (Figure  4,  Curves  4  and  1).  Thus,  the  excitation  or  salification  of  2-aminopyridine  is  independent  of  the  HCl 
concentration,  the  fundamental  type  of  absorption  spectrum  remaining  uncharged. 


1259 


TABLE  5 


(First)  "ortho -band 

a 

(Second)  "ortho  band" 

Compound 

Maximum  | 

Minimum  ' 

Maximum  j 

Minimum 

X 

€ 

X 

€ 

X 

€ 

6 

2-Aminopyridine  in  alco¬ 
hol  with  0.1  mole  HCl 

2935 

6200 

2560 

600 

2325 

18000 

i 

1 

2155 

! 

4800 

2  -  Aminopyridine  m  alco¬ 
hol  with  1  mole  HCi 

2940 

20000 

2525 

600 

2320 

40000 

2225 

30000 

2-Aminopy.id..r!e  i.i  alco¬ 
hol  with  100  moles  tiiCi 

3045 

18000 

2500 

300 

2335 

30000 

2230 

2000 

2-Aminopyridine  in  neu- 
ual  alcohol . 

2950 

5000 

2550 

300 

2350 

20000 

2200 

20000 

TABLE  6 


Compound 

(First) 

"ortho -band*' 

Pyridine  j 

band  | 

(Second) 

"ortho-band"* 

X 

X 

i 

2-Aminopyridine  in  72% 

HCIO4  ( 12  mole) . 

2-Aminopyridine  m  98% 

2965 

9000 

2590 

4500 

2270 

15800 

HtS04  (17.5  mole).... 

2995 

200 

2533 

10000 

2375 

2200 

2-Aminopyridine  m  15% 

HCl  (4-mole) . 

3075 

15800 

- 

- 

2295 

39400 

The  fact  that  the  band  in  the 
far  ultraviolet  grows  stronger  during 
the  salification  of  2 -amino pyridine 
while  the  depth  of  the  minimum 
bounding  tfiis  band  on  the  shortwave 
side  is  diminished,  is  not  typical  of 
the  aniline  absorption  band  and  may 
correspond  to  the  "ortho  bands"  of  2- 
aminopyridine.  The  shift  of  the  end 
of  the  2-aminopyridine  curve  by  150 
A  toward  the  visible  region  may  be 
evidence  that  salt  formation  involves 
the  ring  nitrogen. 


The  finding  of  "ortho  absorption  bands"  in  the  spectra  of  2-aminopyridine  when  the  HCl  concentration  is 
is  changed  from  the  weak  O.OOl'^b  to  Iffijo  indicates  that  2'aminopyndine  forms  a  salt  with  one  equivalent  of  acid, 
the  alcohol  and  acid  piobably  acting  together  (Diagram  C). 

To  test  the  action  of  more  highly  concenuated  acids  upon  2 -amino pyridine,  in  order  to  discover  whether  a 
salt  with  two  equivalents  of  acid  can  be  formed,  we  continued  our  spectrographic  research  on  2-'aminopyridine  in 
cone,  sulfuric  and  chloric  acids. 

The  2'aminopyndine  dissolved  in  72'!7o  chloric  acid  (12  moles  HC104)  in  concentrations  fjftm  ^'lO"*  to 
2*10‘*  M,  exhibited  a  spectral  carve  with  three  absorption  bands;  a  maximum  at  X  2965  A  and  c  9000,  a  maximum 
at  X2590  A  and  €  4500,  and  a  maximum  at  X  2270  A  and  c  1580.  Compared  to  the  curve  for  2'aminopyridine  in 
4M  HCl  (Figure  4,  Curves  6  and  4),  the  HCIO4  weakens  the  intensity  of  the  wide  band  with  a  maximum  at  X  2965  A 
by  a  factor  of  1.6,  the  end  of  the  curve  and  the  maximum  of  this  band  being  shifted  about  100  A  toward  the  ultia- 
violet.  The  minimum,  on  the  shortwave  side  of  this  band  is  very  shallow,  owing  to  the  appearance  of  a  new  band 
with  a  distinct  maximum  at  X  2590  A  and  e.4500.  This  band  is  equivalent  to  the  pyridine  band  (the  maximum  X 
for  pyridine  in  cone.  HjS04  being  2560  A  and  €  4500). 

In  the  far  ultraviolet  the  intensity  of  the  second  band  of  2-aminopyridine  is  weakened  by  a  factor  of  2.5 
without  any  change  in  the  location  of  the  minimum  on  the  shortwave  side,  though  with  a  great  increase  in  the  depth 
of  the  minimum  on  the  longwave  side.  The  weakening  of  the  two  bands  of  2-aminopyridine  and  the  simultaneous 
appearance  of  the  pyrdine  band  when  we  shift  from  the  weaker  4M  HCl  to  the  suonger  12M  HCIO4  may  be  attributed 
to  the  passing  of  some  of  the  2-aminopyridine  molecules  into  a  salt,  again  at  the  amino  group,  the  effect  of  the  am¬ 
ino  group  upon  the  pyridine  ring  being  suppressed  and  the  pyridme  absorption  spectrum  making  its  appearance. 

We  studied  2-am.inopyridine  in  concentrations  of  b'lO"*  to  b-lO"*  in  concenuated  HJSO4  (17.5M),  obtaining 
an  absorption  specuum  whose  appearance  differed  considerably  from  that  of  the  curves  for  2-aminopyridi.ne  in  12M 
HCIQ4  and  4M  HCl  (Figure  4,  Curves  5,  6,  and  4).  The  dissolution  of  2-aminopy,ridine  in  cone.  HJ5SO4  greatly  wea¬ 
kens  the  "ortho  absorption  band"  and  shifts  the  end  of  the  curve  toward  the  shorter  wavelengths.  The  (first)  "ortho 
band"  in  the  middle  ultraviolet  becomes  80  times  weaker  than  the  corresponding  band  in  4M  HCL  while  the  (second) 
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to  5  •  10'®M  100  M.  HCl.  2  -  2-aminopyridine 

in  alcohol,  from  5  •  10"*  to  5*  10"®  M  +  IM. 

HCl.  3-  2-aminopyridine  in  alcohol,  from 
5  •  10'*  to  5  •  lo'**  M.  +  0.1  M.  HCl.  4  -  2-amino- 
pyridine  in  a  4M  alcoholic  solution  of  HCl,  from 
5  •  10'*  to  5  •  10"®  M.  5  -  2-aminopyridine  in  con¬ 
centrated  HSO4  (17.5M),  from  3  •  10"*  M  to  4.6  • 

•  10"®  M.  6  -  2-aminopyridine  in  72^  (12  M) 
HCIO4,  from  2  ♦  10"*  to  2  •  10"®  M.  7  -  1-methyl- 
2Taminopyridinium  hydroiodide  (Goldfarb).  8- 
pyridine  in  concentrated  H^S04.  9  -  2-amino¬ 
pyridine  in  neutral  alcohol. 


"ortho  band”  in  the  far  ultraviolet  becomes  20  times  weaker, 
the  latter  being  m  anifested  on  the  curve  as  a  bend  due  to  the 
superposition  upon  it  of  the  stronger  pyridine  absorption  band. 

The  figures  on  the  band  maxima  of  2-aminopyridine  in  chloric, 
sulfuric,  and  hydrochloric  acids  are  listed  in  Table  6. 

Hence,  the  more  highly  concentrated  H1SO4  (17. 5M)  fur¬ 
ther  weakens  the  "ortho  absorption  band"  of  2-aminopyridine. 

The  appearance  of  the  band  corresponding  to  pyridine  is  oc¬ 
casioned  by  the  passing  of  many  2-aminopyridine  molecules 
into  the  salt,  again  at  the  amino  group.  The  influence  of  the 
NHj  group  on  the  pyridine  ring  is  not  completely  suppressed, 
however,  in  contrast  to  what  happens  with  4-amin9pyridine. 

We  can  calculatec  from  the  band  maximum  of  2-amino¬ 
pyridine  in  the  middle  ultraviolet  (Fig.  4,  Curves  5  and  4)  that 
only  some  of  the  molecules  of  2-aminopyridine  changes 
into  doubly  charged  cations.  Diluting  the  solution  of  2-amino¬ 
pyridine  in  sulfuric  acid  with  5  times  its  weight  in  water  and 
investigating  the  resulting  solution  (15<^  1^804)  yielded  a  spec¬ 
tral  curve  that  precisely  repeated  the  curve  for  the  same  com¬ 
pound  in  1655)  HCl.  This  curve  is  not  reproduced  for  the  sake 
of  brevity.  Hence,  the  dissolution  of  2-aminopytidine  in  con¬ 
centrated  H1SO4  involves  no  other  larocesses  than  salt  forma¬ 
tion.  We  still  do  not  know  whether  the  formation  of  an 
intramolecular  hydrogen  bond  or  other  factors  prevent  the 
complete  conversion  of  the  2-aminopyridine  into  doubly  charged 
cations;  this  requires  further  research. 

SUMMARY 

1.  2-Aminopyridine  and  4-aminopyridine  have  been  syn¬ 
thesized  and  their  ultraviolet  absorption  spectra  in  hexane, 
water,  alcohol,  glycol,  dichloroethane,  and  chloroform,  as  well 
as  in  HCl  of  different  concentrations,  in  chloric  acid,  in  con¬ 
centrated  1^504,  and  in  solutions  of  NaOCjHs,  have  been  inves¬ 
tigated. 

2.  It  has  been  found  that  the  spectra  of  4-aminopyridine 
in  hexane  and  in  dichloroethane  resembles  the  spectra  of  aniline 
and  pyridine  in  hexane,  and  the  hypothesis  is  advanced  that  the 
aniline  and  pyridine  bands  may  be  due  to  intermolecular  associa¬ 
tion  of  the  molecules. 

3.  In  water,  glycol,  alcohol,  and  HCl,  added  in  percen¬ 
tages  ranging  from  O.OOl'^fc  to  1655),  the  2-  and  4-aminopyridines 
behave  like  bases,  the  ring  nitrogen  giving  up  a  "noncovalent" 
electron  pair  to  the  molecule  of  the  solvent,  so  that  a  singly 
charged  cation  may  be  produced.  The  latter  is  partly  detected 
in  the  appearance  of  "para"  or  "ortho"  types  of  absorption  bands 
in  the  spectra,  similar  to  what  occurs  with  nitroaniline,  hydro xy- 
benzaldehyde,  and  other  compounds. 


4.  Salt  formation  by  2-  and  4-aminopyridines  in  12f%  HCIO4  (12M)  involves  the  partial  addition  of  a  proton 
to  the  NF^  group  and  the  suppression  of  the  influence  of  that  group  upon  the  ring. 


5.  The  salt  formation  by  4-aminopyridine  in  concentrated  H|S04  (17.5M)  is  characterized  by  a  return  to 
the  spectrum  of  pyridine  in  concentrated  HtS04  and,  hence,  by  the  formation  of  a  doubly  charged  cation,  in  con¬ 
trast  to  2-aminopyridine  in  concentrated  1^804,  which  retains,  though  in  a  greatly  modified  form,  the  spectrum 
conesponding  to  an  "ortho  absorption  band." 
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6.  The  varying  action  of  small  percentages  of  water  in  the  hexane  solution  upon  2-aminopyridine  has  been 

shown. 

7.  The  "ortho"  and  "para"  bands  of  the  2-  and  4-aminopyridines  have  been  found  to  lose  intensity  in  solu¬ 
tions  of  sodium  alcholate  (an  alkaline  medium),  which  is  apparently  due  to  the  elimination  of  the  influence  of  the 
alcohol  proper  as  a  solvent. 

8.  No  tautomerism  has  been  found  in  the  absorption  specti  a  of  the  isomeric  2-  and  4-aminopyridines. 
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THE  DERIVATIVES  OF  8-HYDROXYQU  INCLINE  AND  THEIR  ANTIBACTERIAL  ACTION 


I.  8-ARYLOXY-  AND  8-ALKOXY  QUINOLINES 

M.  H.  Shchukina  and  N.  V.  Savitskaya 


8-Hydroxyquinoline,  first  synthesized  in  1869  by  the  Russian  chemist  N.  N.  Lyubavin  [1],  long  ago  attracted 
the  attention  of  researchers  because  of  its  antiseptic  and  disinfecting  action  [2],  Preparation  of  8-hydroxyquinoline 
and  its  derivatives,  such  as  chinosol  (8-hydroxyquinoline  sulfate),  and  yatren  [3]  (the  sodium  salt  of  7-iodo-8-hydroxy* 
quinolyl-5-sulfonic  acid  mixed  with  sodium  bicarbonate),  are  now  used  in  medicine  as  antiseptics  and  in  the  cure  of 
amebic  dysentery  and  other  diseases. 

8 -Hydroxy quinoline  possesses  several  chemical  features  related  to  its  structure,  which  make  possible  a  com¬ 
plex  tautomerism  and  the  formation  of  coordination  compounds,  wherein  it  differs  from  the  other  isomeric  hydroxy- 
quinolines,  which  do  not  exhibit  any  antibacterial  action  either. 

In  1944  several  authors  [1]  put  forward  a  hypothesis  to  explain  the  antibacterial  and  fungistatic  action  of 
8-hydroxyquinoline  by  its  combining  with  traces  of  metals  that  ate  vital  to  the  metabolism  of  bacteria  and  fungi, 
forming  complex  salts  as  shown  in  Diagram  (A),  where  Me  is  a  divalent  metal. 

In  comformity  with  this  explanation  for  the  antibacterial  activity  of  8-hydtoxyquinoline  and  its  derivatives, 
Albert,  Rubbo,  and  their  coauthors  found  that  8-methoxyquinoline  and  the  quaternary  base  N-methyl-S-hydroxyquino- 
line,  which  do  not  form  complexes  with  metals,  ate  also  inactive  with  respect  to  microorganisms.  We  were  there¬ 
fore  interested  in  synthesizing  a  series  of  derivatives  of  8-hydroxyquinoline  with  substituents  either  on  the  8-hydroxy 
group  or  on  the  mtrogen  and  hence  incapable  of  forming  coordination  compounds,  so  as  to  investigate  their  anti¬ 
bacterial  activity. 

The  first  of  these  compounds  we  looked  into  were  the  8-alkoxy-(I)  and  8'i)henoxy-(II)  derivatives  of  quino¬ 
line; 


/V\ 


where  R  =  C5H7;  iso-CsHjj  C4H9;  iso-CgHu;  CqHu;  C|Hi7;  C9H19;  CiqHii;  Cul^s;  CuHtj. 


(I) 


(ID 


where  X  =  H;  NH,;  NHCOCHj;  OH 


We  prepared  8 -phenoxy quinoline  by  condensing  the  potassium  salt  of  8-hydtoxyquino- 
line  with  bromobenzene  in  the  presence  of  copper  bronze.  As  we  know,  the  introduction  at 
the  para  position  of  such  substituents  as  the  hydroxy  and  amino  groups  usually  increases  the 
antibacterial  activity  of  compounds  [5].  We  therefore  also  synthesized  8-(p;aminophenoxy)- 
quinoline  and  8-(p-hydroxyphenoxy)-quinoline.  The  initial  substance  was  8-(p;nitro^henoxy)- 
quinoline  [6],  which  we  reduced  to  8-(p-aminophenoxy)-quinoline  with  iron  powder  in  aqueous 
alcohol,  with  a  small  quantity  of  hydrochloric  acid  present,  or  by  hydrogen  in  the  presence  of 
a  pyrophoric  nickel  catalyst.  We  noticed  that  catalytic  hydrogenation,  even  though  it  slowed 
down  very  much  after  3  molecules  of  hydrogen  had  been  absorbed  per  molecule  of  8-hydroxy¬ 
quinoline,  continued  until  8-(p-aminophenoxy)-tetrahydroquinoline  had  been  produced,  which 
we  recovered  and  identified  as  its  diacetyl  derivative.  We  synthesized  8-(p-hydroxyphenoxy)- 
quinoline  by  diazotizing  8-^-aminophenoxy)-quinoline  and  decomposing  the  diazo  compound 
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by  boiling  it  with  a  75<^  aqueous  solution  of  sulfuric  acid. 


To  find  out  how  the  anubacterial  activity  of  a  phenoxyquinoline  changes  when  another  simple  ester  group  is 
introduced  into  it,  we  synthesized  5-phenoxy-8^nethoxyquinoline  (III). 

8-Butoxyquinoline  proved  least  toxic  in  tests  on  mice  of  all  the  preparations  we  synthesized,  while  possessing 
definite  bacteriostatic  action  on  the  tuberculosis  bacillus.  We  therefore  synthesized  a  few  of  its  derivatives:  5-nitro- 
8H3Utoxyquinoline,  5-acetamino-8-butoxyquinoline,  and  5,7-dibromo-8-butoxyquinoline. 

As  we  know,  introducmg  halogen  atoms  into  the  8Htiydroxyquinoline  molecdle  lowers  the  toxicity  of  the  com¬ 
pounds  [7],  We  therefore  synthesized  the  d  ichloro  and  dibiomo  derivatives  of  one  of  the  most  active  esters;  8-oct- 
oxyquinoline. 

In  all  the  preparations  we  synthesized,  the  hydrogen  in  the  hydroxyl  group  was  replaced  by  an  alkyl  or  phenyl 
group,  so  that  they  should  not  have  manifested  any  anubacterial  activity  according  to  the  theory  of  Albert,  Rubbo, 
et  al.  An  investigation  of  the  antibacterial  activity  of  these  preparations  and  of  their  action  on  some  oxidizing  fer- 
ments(ihdophenoloxidase),  carried  out  in  the  Division  of  Chemotherapy  of  the  All-Union  Research  Institute  of  Phar¬ 
maceutical  Chemistry  under  the  direction  of  G.  N.  Pershm,  demonsuated  their  activity,  however.  These  findings 
led  us  to  conclude  that  the  antibacterial  activity  of  8-hydroxyquinoline  and  of  its  derivatives  cannot  be  ascribed  to 
one  isroperty  alone:  their  ability  to  form  complexes  with  metals,  but  that  the  structure  of  the  molecule  as  a  whole 
must  be  taken  into  consideration. 

EXPERIMENTAL 

I.  Aryloxy  Quinolines 

8-Phenoxyquinoline.  The  potassium  salt  of  8-hydroxyqiunoline,  prepared  by  fusing  12.4  g  (0.085  mole)  of 
8-hydroxyquinoline  with  4.75  g  (0.085  mole)  of  potassium  hydroxide,  was  mixed  with  1  g  of  copper  bronze  and  9.4 
g  (0.06  mole)  of  bromobenzene.  The  mixture  was  heated  to  190-200*  on  an  oil  bath  for  3  hours  with  constant  stirr¬ 
ing.  After  the  reaction  was  over,  the  melt  was  poured  into  water,  the  insoluble  residue  being  filtered  out,  washed 
with  water,  and  extracted  with  alcohol.  After  part  of  the  alcohol  had  been  driven  off  in  vacuo,  we  secured  a  dark 
crystalline  powder,  which  was  sublimated  in  vacuo  and  recrystallized  from  alcohol.  B.p.  195* at  0.6  mm.  A  white 
crysulline  powder  (needles)  with  an  m.p.  of  104-105*,  soluble  in  alcohol,  acetone,  benzene,  and  chloroform. 

3.597  mg  substance;  10.73  mg  COj;  1.628  mg  HjO.  6.668  mg  substance;  0.365  ml  Nj  (20.5*,  728.5  mm). 

Found  C  81.60;  H  5.06;  N  6.1.  C^HuON.  Calculated  ‘jt:  C  81.45;  H  5.02;  N  6.33. 

Picrate  of  8-phenoxy quinolines  lustrous  needles  with  an  m.p.  of  139-140  (from  alcohol),  freely  soluble  in 
acetdie. 

4.960  mg  substance;  4.36  ml  0.01  N  1^804.  Found  N  12.31.  CijHuON -C^HjOyN,.  Calculated  N  12.44. 

8-(p-Aminophenoxy)-quinoline.  7  ml  of  water  and  16  g  of  iron  powder  were  added  to  a  solution  of  8.3  g  (0.31 
mole)  of  8-(p-nitrophenoxy)-quinoline  in  60  ml  of  alcohol.  The  mixture  was  heated  to  the  boiling  point  on  a  water 
bath  and  stirred  for  2  hours  while  a  solution  of  1  ml  of  concentrated  hydrochloric  acid  in  7  ml  of  water  was  added, 
after  which  the  reaction  mass  was  boiled  for  another  2  hours,  alkalinized  with  soda,  and  filtered.  The  bulk  of  the 
amine  was  precipitated  from  the  solution  together  with  the  hydrated  iron  and  recovered  by  extracting  the  precipitate 
with  alcohol  (5.4  g).  Cooling  the  filtrate  yielded  another  gram  of  8-(p-aminophenoxy)-quinoline.  The  yield  was  87^ 
of  the  theoretical.  Small  lustrous  needles  with  an  m.p.  of  200-200.5®  (from  alcohol),  soluble  when  heated  in  acetone 
and  benzene,  and  slightly  soluble  in  diethyl  and  petroleum  ethers. 

4.450  mg  substance:  12.474  mg  CO^;  1.991  mg  1^0.  5.705  mg  substance:  0.594  ml  1^  (22*,  740  mm). 

Found  %  C  76.45;  H  5.01;  N  11.73.  CkH^OI^.  Calculated  <5^;  C  76.77;  H  5.12;  N  11.86. 

Picrate  of  the  8-quinoline-p-aminophenyl  ester;  needles  with  an  m.p.  of  209*  (with  decomposition),  soluble 
in  hot  water. 

4.235  mg  substance;  0.626  ml  (26*,  724.5  mm).  Found  %  N  16.08.  CigHgOb^  *  CfHsQfNs.  Calculated  <?(»; 

N  16.13. 

8 -(PrAceuminophenoxyl-quinoline.  0.5  gram  (0.018  mole)  of  8-(p-aminophenoxy)-quinoline  was  dissolved  in 
3  ml  of  glacial  acetic  acid  and  boiled  for  8  hours.  Then  the  excess  acetic  acid  was  driven  off  in  vacuo,  and  the 
residual  oily  substance  triturated  with  petroleum  ether.  This  yielded  0.5  g  of  the  substance  {fifPjo  of  the  theoretical). 

A  white  crystalline  powder  with  an  m.p.  of  169.5-171*  (from  alcohol),  freely  soluble  in  alcohol  and  acetone,  less  so 
in  benzene,  and  insoluble  in  diethyl  and  petroleum  ethers. 
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3.399  mg  substance;  9.158  mg  COi;  1.554  mg  HjO.  6,483  mg  substance:  4.79  ml  0.01  N.  HtS04. 

Found  <70:  C  73.48;  H  5.11;  N  10.34.  CnHi40il^.  Calculated  C  73.35;  H  5.07;  N  10.07. 

8-(p-Amlnophenoxy)-quinoline.  A  solution  of  0.5  g  of  8-(p-nitrophenoxy)-quinoline  in  alcohol  was  hydrogen¬ 
ated  at  room  temperature  widi  a  pyrophoric  nickel  catalyst.  After  the  amount  of  hydrogen  required  to  reduce  the 
nitro  group  had  been  absorbed  (125  ml),  hydrogenation  was  stopped,  and  the  solution  was  filtered  and  evaporated  in 
vacuo.  The  residue  had  an  m.p.  of  198-200*  after  recrystallization  from  alcohol;  its  mixed  melting  point  with  an 
8-(p-aminophenoxy)-quinoline  synthesized  by  another  method  exhibited  no  depression.  The  yield  was  0.355  g  (80‘5l» 
of  the  theoretical). 

8- p-(  Aminophenoxy)-tetrahydtoquinoline.  A  solution  of  2.8  g  of  8-(p;flitrophenoxy)-quinoline  in  150  ml  of  alco¬ 
hol  was  hydrogenated  at  room  temperature  with  3  g  of  pyrophoric  nickel  catalyst  until  no  more  hydrogen  was  absorbed, 
the  process  taking  3  days.  The  absorbed  hydrogen  totaled  1250  ml.  After  hydrogenation  was  complete,  the  solution 
was  filtered,  and  the  alcohol  driven  off  in  vacuo.  The  substance  was  refined  by  converting  it  into  a  hydrochloride  by 
dissolving  it  in  the  minimum  quantity  of  alcohol  and  adding  three  times  the  calculated  quantity  of  concentrated 
hydrochloric  acid.  This  threw  down  a  crystalline  powder  which  was  recrystallized  from  alcohol  and  then  reconverted 
into  the  base  by  treating  it  with  a  soda  solution.  The  oily  substance  that  settled  out  crystallized  when  it  was  rubbed 
with  petroleum  ether.  The  8-(p-aminophenoxy)-tetrahydroquinoline  was  a  white  crystalline  powder  (needles)  with  an 
m.p.  of  68.5-70*,  freely  soluble  in  alcohol,  acetone,  and  benzene  and  insoluble  in  petroleum  ether. 

3.441  mg  substance;  9.230  mg  CQ;  1.999  mg  1^0.  4.962  mg  substance;  0.510  ml  Nj  (19.5*,  736.5  mm). 

Found  %:  C  75.34;  H  6.69;  N  11.63.  Calculated  C  74.96;  H  6.71;  N  11.66. 

8-<p-Aminophenoxy)-tetrahydroquinoline  hydrochloride,  was  a  white  crystalline  powder  (needles)  with  an  m.p. 
of  222*  (with  decomposition),  freely  soluble  in  cold  water  and  when  heated  in  alcohol  or  acetone. 

0.2093  g  substance;  13.33  ml  0.1  N  AgNO,.  Found  %:  Cl  22.58.  CnHijON,  •  2HC1.  Calculated Cl  22.33. 

8 -(p-Acetaminophenoxy) -N-acetyltetrahydroquinoline.  A  mixture  consisting  of  1  g  of  8-p-aminophenoxy)- 
tetrahydroquinoi  ne  hydrochloride,  3  ml  of  acetic  anhydride,  3  ml  of  acetic  acid,  and  0.7  g  of  sodium  acetate,  was 
heated  on  a  water  bath  for  3  hours.  Then  the  reaction  mass  was  poured  into  ice  water,  the  oily  substance  that  sep¬ 
arated  out  being  extracted  with  ether.  The  oily  residue  left  after  the  ether  had  been  driven  off  crysullized  when 
left  to  stand  in  a  vacuum  desiccator  for  a  long  time.  After  recrystallization  from  a  benzeneipetroleum  ether  mix¬ 
ture,  the  8-(p-acetaminophenoxy)-tetrahydtoquinoline  was  a  white  crystalline  powder  with  an  m.p.  of  125-126*,  freely 
soluble  in  alcohol,  ether,  benzene,  and  acetone  and  slightly  soluble  in  petroleum  ether. 

5.085  mg  substance;  0.402  ml  Nj  (25.5*,  725  mm).  Found  N  8.62.  CijHgdOjNt.  Calculated  <7>:  N  8.58. 

8 -(p-Hydroxyphenoxyl-quinoline.  0.16  g  of  sodium  nitrite,  dissolved  in  1.5  ml  of  water,  was  gradually  added 
at  0  to  +3*  to  a  solution  of  0.5  g  of  8 -(p-aminophenoxy) -quinoline  in  10  ml  of  4.5%  of  sulfuric  acid  chilled  to  0*. 

After  diazotization  was  complete,  the  solution  was  poured  portionwise  into  17  ml  of  boiling  75%  sulfuric  acid.  Upon 
decomposition,  the  reaction  mass  was  pouted  over  ice;  a  small  quantity  of  tar  appeared  in  the  form  of  floes,  which 
were  filtered  out.  The  brown  precipitate  thrown  down  when  the  filtrate  was  alkalinized  with  aqueous  ammonia  was 
recrystallized  from  a  large  quantity  of  water.  After  recrystallization  from  a  mixture  of  alcohol  and  acetone,  the 
8 -(p-hydroxyphenoxy) -quinoline  was  a  cream-colored  crystalline  powder  with  an  m.p.  of  240.5-242*,  freely  soluble 
when  heated  in  alcohol,  less  so  in  acetone  and  insoluble  in  ether. 

4.090  mg  substance;  11.402  mg  COj;  1.73  mg  1^0.  6.426  mg  substance:  0.332  ml  N2  (18*,  731.5  mm). 

Found  %;  C  76.03;  H  4.73;  N  5.83.  CigHuOiN.  Calculated  %:  C  75.92;  H  4.63;  N  5.90. 

5 4*henoxy-8 -methoxyquinoline.  4.8  g  (0.019  mole)  of  5-btomO“8-methoxyquinoline  was  mixed  in  phenol  with 
0.8  g  of  copper  bronze  and  a  phenolate  prepared  from  4  g  (0.038  mole)  of  phenol  and  1.1  g  (0.019  mole)  of  potas¬ 
sium  hydroxide.  The  mixture  was  stirred  as  it  was  heated  on  a  180-190*  oil  bath  for  2.5*hoUfs.  Then  the  melt  was  poured 
into  a  5%  alkali  solution,  the  separating  oily  substance  being  removed,  washed  with  water  and  dissolved  in  hydro¬ 
chloric  acid.  The  hydrochloric  acid  solution  was  extracted  with  ether,  heated  with  charcoal,  filtered,  and  alka¬ 
linized  with  aqueous  ammonia.  The  oily  liquid  that  separated  out  was  extracted  with  ether.  The  residue  left  after 
the  ether  extraction  was  a  dark-yellow  powder  (1.5  g),  which  colored  a  flame  green,  was  insoluble  in  the  ordinary 
neutral  organic  solvents,  though  soluble  in  concentrated  hydrochloric  acid,  and  consisted  of  a  copper  coordination 
compound  of  hydroxyquinoline.  After  the  ether  had  been  driven  out  of  the  ether  solution,  we  secured  1.4  g  of  5- 
phenoxy-8-methoxyquinoline,  which  was  a  yellow  crystalline  powder  (needles)  with  an  m.p.  of  108-109*  after  two 
recrystallizations  from  petroleum  ether,  which  was  freely  soluble  in  alcohol,  acetone,  ether,  and  benzene. 
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4.330  mg  substance;  12.166  mg  CQ>;  2.008  mg  8.309  mg  substance;  0.415  ml  Nj  (23“,  741  mm). 

Found  C  76.63*  H  5.19;  N  5,61.  Cip;H[vi,CXN.  Calculated  C  76,46;  H  5,22;  N  5.58. 

5 -Ph enoxy "8  -methoxy quinoline  pic: ate;  yellow  needles  with  an  m.p,  of  165“167°  (from  alcohol), 

5.747  mg  substance;  4.79  ml  0.01  N  HgSO^.  Found  N  11.67.  •  Cg;^O^N3.  Calculated  <7o;  N  11.66. 


II.  8-Alkoxy  Quinoline^ 

We  ptepaied  the  8'alkoxy  quinolines  by  boiling  8  -hydioxyqumoiine  with  alkyl  bromides  fox  a  few  hours  in  an 
alcoholic  solution  of  potassium  hyd  oxixie.  By  way  of  example,  we  shall  cite  tne  synthests  of  8  piopoxyquinoline. 
With  the  exception  of  8  -isopropoxyquinoline  and  8 43utoxy quinoline,  which  were  isolated  as  white  crystalline  powders, 
all  the  esters  were  colorless  or  slight  ly  yellowish  liquids  that  were  freely  soluble  m  the  ordinary  organic  solvents. 

The  esters  were  identified  as  their  picxates  oi  hydiochlo.ldes.  In  most  instanc  es  the  picrates  of  the  8“alkoxy  quino¬ 
lines  were  readily  crystallizable  substances,  soluble  in  alcohol,  acetone,  and  ethyl  acetate.  The  constants,  analyses, 
and  yields  of  the  synthesized  8-alkoxv  quinoknes  are  ksted  in  the  table. 


8-Alkoxy  Quinolines 


Name  of  Substance 


8  “Isopropoxyquinoline 

8  -B  u  toxy  quinoline 
8-Isoamoxyquinokne 
8 -Hexoxyquinoline 
8  -^leptoxyquinoline 
8  -Octoxy  quinoline 

8  -Nonoxy  quinoline 
8  -Decoxy  quinoli  ne 

8  -Undecoxyquinoline 
8-Dodecoxyquinoline 


{ 

{ 

r 

i 

{ 

{ 

1 

8 

{ 

a 


Melting 

point 

Boiling  point 

Base 

Hydrochloiide* 

41-  43° 

185-1855 

with  de¬ 
comp. 

116°  at  1.4  mm 

Base 

48-49 

170-172  at  12 

Picrate 

154-155.5 

mm 

Base 

133-134  at  0.6 

Picrate 

169  170 

mm 

Base 

150-152  at  1 

Picrate 

129-130.5 

mm 

Base 

150-152  at  0.6 

Picrate 

119-120 

mm 

Base 

163-164  at  0.8 

Picrate 

101-102 

mm 

Base 

180-181  at  1 

Picrate 

101-103 

mm 

Base 

175-177  at  0.5 

Picrate 

92-93.5 

mm 

Base 

170-171  at  0.5 

Picrate 

87-88 

mm 

Base 

176-178  at  0.4 

Picrate 

76-78 

mm 

[^Calculated 

<yo 

Found 

Yield,  °]o 

C 

MM 

N 

C 

H 

N 

theory 

76,96 

7.00 

7.48 

77.07 

7,07 

7.5  6 

59.5 

77.56 

7  52 

6.36 

13.02 

77.91 

7.66 

6.91 

12.88 

53 

78.10 

7.97 

6.51 

12,61 

77.85 

8.08 

6.29 

12.46 

65 

78.55 

8.36 

6.11 

12.22 

78.27 

8.46 

5.89 

12.20 

69 

78.96 

8.71 

5.76 

11.86 

78.95 

8.89 

5.94 

11.62 

67 

79.32 

9.08 

5.44 

11.52 

79.16 

9.08 

5.65 

11.29 

66 

79.64 

9.29 

5,16 

11,19 

79.78 

9.51 

5,26 

11.17 

54 

79.94 

9.54 

4.91 

10.89 

80.25 

9.54 

4.76 

10.81 

49 

80.21 

9.77 

4.68 

10.60 

80.32 

9.68 

4.92 

10.69 

57.5 

80.45 

9.98 

4.47 

10.33 

80.87 

9.94 

4.28 

10.75 

*  Found  °Joi  Cl  15.74;  Calculated  Cl  15.86. 


14.5  g  (0.1  mole)  of  8-hydroxyquinokne  and  12.3  g  (0.1  mole)  of  propyl  bromide  were  added  to  a  solution  of 
5.6  g  (0.1  mole)  of  potassium  hydroxide  in  60  ml  of  alcohol,  and  the  mixture  was  boiled  for  5  hours.  Then  the  alco¬ 
hol  was  driven  out  of  the  solution  in  vacuo,  water  was  added  to  the  residue,  and  the  oily  substance  that  separated 
out  was  extracted  with  ether  and  distilled  in  vacuo.  This  yielded  11.4  g  (61*51)  of  the  theoretical)  of  8-propoxyquinoline 
as  a  colorless  oily  substance  with  a  b.p.  of  159-160'’  at  12  mm.  The  substance  darkened  in  storage. 


7.719  mg  substance;  21.674  mg  CO^;  4.958  mg  1^0.  7.220  mg  substance;  0.465  ml  Nj  (19.5®,  749  mm). 
Found  C  76.58;  H  7.18;  N  7.42,  C^HijON.  Calculated  °}os  C  76.96;  H  7.00;  N  7.48. 

8-PropoxyquinQline  hydrochloride,  prepared  by  adding  a  concentrated  alcoholic  solution  of  hydrogen  chloride 
to  an  alcoholic  solution  of  the  base,  consisted  of  lustrous  yellow  needles  with  an  m.p.  of  193-194*  (with  decomposi¬ 
tion),  freely  soluble  in  alcohol,  water,  and  acetone. 
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4.570  mg  substance;  2.845  mg  AgCl.  Found  ’’jo:  Cl  17.40.  CuHuON.*  HCl.  Calculated  °loi  Cl  17.85. 

5-Nitro-8-butoxyquinoline.  3  grams  (0.0149  mole)  of  8-butoxyquinoline  was  dissolved  in  9  ml  of  nitric  acid 
(d  =  1.5),  and  the  solution  was  heated  for  3  hours  on  a  water  bath  at  70*.  Then  the  reaction  mass  was  pouted  into 
ice  water,  neutralized  with  soda,  the  precipitated  crystals  being  filtered  out  and  washed  with  water.  This  yielded 
3  g  of  5-nitro-8-butoxyquinoline  (81. 7*^  of  the  theoretical).  Yellow  needles  with  an  m.p.  of  107-108.5*  (from  alco¬ 
hol),  soluble  in  acetone,  diethyl  ether,  and  petroleum  ether. 

3.406  mg  substance:  7.909  mg  COx;  1.719  mg  1^0.  4.208  mg  substance;  0.419  ml  1^  (17.5*.  742  mm). 

Found  °lo:  C  63.33;  H  5.65;  N  11.42.  CiaH^O,!^.  Calculated  %  C  63.39;  H  5.73;  N  11.38. 

5-Acetamino-8-butoxyquinoline.  A  mixture  consisting  of  1.2  g  (0.0047  mole)  of  5-nitto-8-butoxy-quinoline, 
8.5  ml  of  alcohol,  2.5  ml  of  water,  and  2.5  g  of  iron  powder  was  boiled  for  2  hours  while  a  solution  of  0.15  ml  of 
concentrated  hydrochloric  acid  in  1  ml  of  water  was  gradually  added,  with  constant  stirring.  After  two  hours  of 
heating,  the  hot  reaction  mass  was  alkalinized  with  soda  and  filtered,  the  filtrate  being  extracted  with  ether.  Then 
the  ether  was  driven  off,  and  the  strongly  tarred  substance  that  settled  out  was  converted  into  the  hydrochloride  by 
dissolving  it  in  a  saturated  alcoholic  solution  of  hydrogen  chloride.  The  5-amino-8-butoxyquinoline  hydrochloride 
that  crystallized  out  as  the  solution  cooled  was  recrystallized  several  times  from  alcohol,  which  yielded  a  white 
crystalline  powder  that  darkened  quickly  when  exposed  to  the  air. 

One  gram  of  5-amino-8-butoxyquinoline  was  mixed  with  3  ml  of  acetic  anhydride,  1.5  ml  of  glacial  acetic 
acid,  and  0.3  g  of  anhydrous  sodium  acetate,  and  the  mixture  was  heated  on  a  boiling  water  bath  for  3  hours.  After 
decomposition  of  the  excess  acetic  anhydride,  the  reaction  mass  was  poured  into  ice  water,  the  crystals  produced 
being  filtered  out  and  recrystallized  from  2~%  aqueous  alcohol. 

5-Acetamino-8-butoxyquinoline  is  a  white  crystalline  powder  with  an  m.p.  of  171-172*,  freely  soluble  in 
the  usual  organic  solvents. 

4.211  mg  substance;  10.822  mg  CO^t  2.609  mg  HjO.  4.647  mg  substance:  0.451  ml  N|  (20*,  728.5  ram). 

Found  <7o;  C  70.08;  H  6.93;  N  10.85.  Calculated  <^5):  C  70.00;  H  6.67;  N  10.89. 

5 . 7- Dibromo-8 -butoxyquinoline.  8.7  grams  (0.024  mole)  of  5.7-dibromo-8-hydroxyquinoline  and  4  g  (0.029 
mole)  of  butyl  bromide.were  added  to  a  solution  of  1.35  g  (0.024  mole)  of  potassium  hydroxide  in  80  ml  of  alcohol, 
and  the  mixture  was  boiled  for  6  hours.  Then  the  alcohol  was  driven  off  in  vacuo,  the  reaction  mass  was  poured 
into  water,  and  the  oily  substance  that  separated  out  was  extracted  with  ether.  After  the  ether  had  been  driven  off, 
the  5,7-dibtomo-8-butoxyquinoline  was  recrystallized  twice  from  alcohol.  A  white  crystalline  powder  with  an 
m.p.  of  61.5-63*,  freely  soluble  in  ether  and  acetone  and  less  so  in  alcohol. 

5.580  mg  substance;  5.940  mg  AgBr.  7.817  mg  substance;  0.274  ml  (17.5*,  729.3  mm).  Found  %: 

Br  45.29;  N  3.95.  CuHijONBrj.  Calculated ‘yo;  Br  44.53;  N  3.90. 

5 . 7- D ic hloro-8 -oc toxyquinollne.  3.6  grams  (0,017  mole)  of  5,7-dichloro-8-hydroxyquinoline  and  4  g  (0.0207 
mole)  of  octyl  bromide  were  added  to  a  solution  of  0.95  g  (0.017  mole)  of  5,7-dichloro-8-hydroxyquinoline  in  50 
ml  of  methanol,  and  the  mixture  was  boiled  for  20  hours.  The  alcohol  was  then  driven  off  in  vacuo,  and  the  reac¬ 
tion  mass  was  diluted  with  water  and  extracted  with  ether,  the  ether  solution  being  dried  with  potash.  Then  the 
ether  was  driven  off,  and  the  residue  recrystallized  from  methanol.  The  yield  was  2.8  g  (Sl^^o  of  the  theoretical). 

A  white  crystalline  powder  with  an  m.p.  of  41.5-43*,  freely  soluble  in  alcohol,  ether,  acetone  and  chloroform. 

2.860  mg  substance;  2.534  mg  AgCl,  7.605  mg  substance:  0.297  ml  Nx  (20.5*,  713  mm).  Found  “jt: 

Cl  21.91;  N.  4.26.  C„H,iONClx.  Calculated  Cl  21.74;  N  4.29. 

5 . 7- D ibtomo-8 -oc toxyquinoline.  A  mixture  consisting  of  10.1  g  (0.033  mole)  of  5,7-dibromo-6-hydtoxy- 
quinoline,  9  g  (0.047  mole)  of  octyl  bromide,  and  1.85  g  (0.033  mole)  of  potassium  hydroxide  in  90  ml  of  alcohol 
was  heated  on  a  boiling  water  bath  for  10  hours.  The  alcohol  was  then  driven  off  in  vacuo,  and  the  reaction  mass 
was  diluted  with  water  and  extracted  with  ether,  the  ether  solution  being  dried  with  potash.  Driving  off  the  ether 
in  vacuo  and  recrystallizing  the  residue  from  methanol  yielded  7.5  g  (54^^  of  the  theoretical)  of  5,7-dlbromo-8- 
octoxyquinoline.  A  white  crystalline  powder  (needles),  freely  soluble  in  alcohol,  ether,  acetone,  chloroform,  and  ‘ 
ethyl  acetate. 

6.718  mg  substance:  1.62  ml  0.01  N  1^804.  3.420  mg  substance;  3.130  mg  AgBr.  Found  N  3,38; 

Br  38.95.  C„H,iONBrx.  Calculated  <^5,:  N  3.37;  Br  38.53. 
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S  MM  .ARY 


Tie  following  have  been  synthesized:  i)  8  phenojcy'qu^noline,  its  p  aminOj  p  acetoamino,  and  p-hydroxv 
derivatives-  and  5-phenoxy  S  nietn.oxyquj.nolme5 

2)  A  series  of  alkoo  q'iinoLines  with  Gg-Csg  aikyl  groups,  the  normal  ones  and  some  branched  ones; 

3)  5-nitrO“8  hu£oyyqainohne,  S-acetamino-S-buroxyqumolmes  5,7-dib:omO'8  butoxyquinoline,  5,7- 
dichloro-8  octoxyqumoline,  and  5,7-dib!:omo'8-octoxyqumoiirie, 

These  compound,  possess  definite  antibar/terial.  and  antiferment  activity,  notwithstanding  the  absence  of 
a  free  hydroxyl  group  a;  tre  8  posiuor  ana  i-heir  rei  uhtant  inability  to  form  complexes  with  metals.  This  leads  us 
to  conclude  that  the  explanatiori  proposed  by  Albert  and  Rubbo  for  the  antibacterial  actiyiiy  of  8“hydroxyquinoli:ae 
is  inadequate, 
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THE  DERIVATIVES  OF  8 -HYDROX  YQU INOL INE  AND  THEIR  ANTIBACTERIAL  ACTION 
n.  THE  N-OXIDES  OF  8 -HYDROX YQUINOLINE  AND  ITS  ETHERS 

M.  N.  Shchukina  and  N.  V.  Savitskaya 


Not  much  research  has  been  done  on  the  N-oxides  of  the  hydroxyquinolines  and  their  der  ivatives  [1].  The 
present  paper  describes  the  synthesis  and  properties  of  the  N-oxides  of  8 -hydroxy quinoline  and  of  some  of  the  latter's 
derivatives,  which  are  of  interest  in  antibacterial  research. 

As  we  noted  in  the  preceding  paper,  the  antibacterial  activity  of  8 -hydroxy quinoline  has  been  attributed  to 
its  ability  to  form  complexes  with  metals  that  are  vitally  needed  by  bacteria.  If  this  were  so,  it  might  be  expected 
that  the  N-oxides  of  8-alkoxyq\iinolines:;  would  have  no  antibacterial  activity.  The  N-oxide  of  8-hydroxyquinoline 
and  the  N-oxides  of  several  of  its  ethers  which  we  have  synthesized,  exhibit  distinct  antibacterial  activity,  however, 
as  has  been  established  by  research  canied  out  in  the  Division  of  Chemotheripy  of  the  All-Union  Research  Institute 
of  Pharmaceutical  Chemistry  under  the  direction  of  G.  N.  Pershin.  This  confirmed  oiu  conclusion  that  the  anti¬ 
bacterial  activity  of  8-hydroxyquinoline  and  of  its  derivatives  cannot  be  ascribed  to  only  one  of  the  properties  of 
these  compounds  —  their  ability  to  form  coordination  compounds,  the  structure  of  the  molecule  as  a  whole  having 
to  be  taken  into  account. 

Two  methods  were  employed  in  synthesizing  the  N-oxides  of  8-hydroxyquinoline  and  of  its  ethers;  oxidation 
with  perbenzoic  acid  in  chloroform  solution,  and  oxidation  with  hydrogen  peroxide  in  glacial  acetic  acid.  The  re¬ 
actions  are  not  identical  in  the  two  cases,  as  might  have  been  expected,  when  we  consider  the  effect  of  the  solvent 
upon  the  equilibrium  between  the  tautomeric  forms  of  8-hydroxyquinoline,  which  depends  largely  upon  the  nature 
of  the  solvent,  say,  its  dielectric  constant  and  the  pH  of  the  medium. 

We  were  unable  to  oxidize  the  8-alkoxy  quinolines  to  the  respective  N-oxides  by  means  of  hydrogen  peroxide 
in  glacial  acetic  acid.  When  8-hydroxyquinoline  was  reacted  with  a  large  excess  (6  moles)  of  25^  hydrogen  peroxide 
in  glacial  acetic  acid,  a  small  amount  (5-7%)  of  the  N-oxide  of  8-hydroxyquinoline  was  produced,  plus  a  large  quan¬ 
tity  of  acidic  substances  that  were  dark  in  color  and  high-melting.  We  did  not  find  any  of  the  well-known  and 
readily  isolated  aromatic  or  pyridine  acids.  This  leads  us  to  conclude  that  when  8-hydroxyquinoline  is  oxidized 
under  these  conditions,  the  formation  of  the  N-oxide  is  paralleled  by  the  rupture  of  the  ring  bonds  and  intermolec- 
ular  condensation.  This  might  have  been  expected  in  the  light  of  the  activity  of  the  hydrogen  atoms  at  the  5  and 
7  positions. 

Oxidation  of  8-hydroxyquinoline  and  of  its  ethers  by  perbenzoic  acid  at  room  temperature  produced  yields 
ranging  between  12%  and  40%.  Part  of  the  substances  tarred,  while  another  part  did  not  enter  into  the  reaction. 

The  N-oxides  produced  by  oxidation  were  isolated  as  their  picrates,  which  were  then  converted  into  hydrochlorides 
and  purified. 

The  N-oxides  of  8-hydroxyquinoline  and  of  its  ethers  are  rather  stable  compounds.  More  specifically,  they 
do  not  liberate  iodine  from  a  potassium  iodide  solution  even  after  prolonged  boiling,  though  several  authors  consider 
this  reaction  to  be  typical  of  the  N-oxides  [2].  They  are  not  reduced  by  sulfuric  anhydride  even  when  heated  with 
it,  as  has  been  observed  for  many  other  N-oxides  [3],  nor  by  zinc  dust  in  acetic  or  dilute  sulfuric  acid  [4].  The  N- 
oxides  of  the  8-alkoxy  quinolines  can  be  reduced  only  by  sodium  hydrosulfite  in  a  water-alcohol  medium  [5].  The 
N-oxide  of  8-hydroxyquinoline  is  reduced  to  8-hydroxyquinoline  catalytically  with  a  pyrophoric  nickel  catalyst. 

EXPERIMENTAL 

N-Oxide  of  8-Hydroxyquinoline.  A  solution  of  4.5  g  (0.036  mole)  of  8-hydroxyquinoline  in  20  ml  of  chloro¬ 
form  was  poured  diuing  the  course  of  20  minutes  into  a  chloroform  solution  (90  ml)  of  perbenzoic  acid  chilled  to 
+1*  and  containing  0.512  g  (0.032  equiv.)  of  active  oxygen  according  to  titration.  Then  the  temperature  was  raised 
during  the  course  of  5  hours  to  room  temperature,  and  the  mixture  was  set  aside  to  stand  overnight.  The  next  day 
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the  chloroform  was  driven  off  in  vacuo  and  the  remaining  tacky  mass  was  washed  by  decantation,  first  with  concen¬ 
trated  aqueous  ammonia  and  then  wtm  water.  The  N-oxide  of  8-hydroxyquinoline  remained  at  the  bottom  of  the 
vessel  as  an  oily  liquid,  the  floccuient  crystalline  8-hydroxyquinoline  floating  on  top  and  being  easily  removable. 

The  Noxide  of  8-hydroxy  quinoline  crystallized  when  rubbed  with  ether.  The  product  consisted  of  yellow  needles 
with  an  m.p.  of  138-139.5®  after  two  recrystallizations  from  water.  Freely  soluble  when  heated  in  ordinary  organic 
solvents. 

3.255  mg  substance;  7.970  mg  COg?  1.241  mg  7.570  mg  substance;  0.566  mi  (18.5®,  742  mm). 

Found  C  67.40;  H  4.31;  N  8.55.  CjiB-OiN.  Calcu].ated  <7os  C  67.06;  H  4.38;  N  8.69. 

Catalyac  reduction  of  8-h.yd-’oxyqii.Lnolinfc  N  oxide.  A  solution  of  0.5  g  of  8-hydroxyquinoline  N-oxide  in 
alcohol  was  hydrogenated  at  ixjom  temperature  for  3.5  hours  with  a  pyrophoric  nickel  catalyst,  80  ml  of  hydrogen 
being  absorbed  (70  ml  bejjig  called  for  theoretically).  After  the  alcohol  had  been  driven  off  in  vacuo,  the  residue 
was  filtered  out  and  treated  with  hot  alcohol.  When  the  alcoholic  solution  was  chilled,  a  white  crystalline  substance 
with  an  m.p.  of  69-72°  settled  out,  which  exhibited  no  depression  when  mixed  with  8-hydroxyquinoline.  The  alco¬ 
hol-insoluble  substance  was  a  yellow  green  crystallme  powder  that  decomposed  without  melting  when  heated  above 
250®,  was  msolubie  in  alcohol,  ethej.',  acetone,  or  benzene,  was  soluble  in  xylene,  and  was  a  coordination  nickel 
compound  of  hydroxyquinoline.  This  compound  was  boiled  with  concentrated  hydrochloric  acid,  the  solution  being 
evaporated  to  dryness  and  extiaciea  with  alcohol;  driving  off  the  solvent  and  treating  the  residue  with  ammonia 
yielded  some  more  84iydi'oxyquinoline. 

5 -Chloto-e  iiydroxyquinoline  N-oxide,  A  solution  of  5.3  g  (0,029  mole)  of  5-chloio-8-hydroxyquinoline  in 
90  ml  of  chloroform  was  added  to  a  chloroform  solution  (159  ml)  of  perbenzoic  acid,  containing  0.576  g  (0.076 
equiv.)  of  active  oxygen,  and  the  mixture  was  set  aside  to  stand  overnight.  Then  an  alcoholic  solution  of  6.6  g 
of  picric  acid  was  added  to  the  darkened  solution.  Evaporating  thealcohol -chloroform  solvent  in  vacuo  yielded  a 
highly  tarred  piciate,  wnich  could  not  be  purified  by  recrystallization  from  alcohol.  The  picrate  was  dissolved  in 
concentrated  hydrochloric  acid,  the  precipitated  picric  acid  being  filtered  out,  and  the  hydrochloric  solution  beii^ 
extracted  with  hot  benzene.  Then  the  hydrochloric  solution  was  alkalinized  with  ammonia  and  extracted  witn 
ether.  Driving  off  the  ether  yielded  0.45  g  of  a  substance,  which  was  recrystallized  from  alcohol  and  then  from 
ligroin.  5-Chloro-8-qumoline  N-oxide  is  a  yellow  crystalline  powder  with  an  m.p.  of  169-170®,  freely  soluble  when, 
heated  in  alcohol,  acetone,  and  ether. 

5.130  mg  substance;  3.799  mg  AgCl.  6.755  mg  substance;  0.430  mi  Nj  (22°,  730  mm).  Found  <7o:  Cl  18.32; 

N  7.21.  C^O^NCl.  Calculated<5b;  Cl  18.13;  N  7.16. 

N-Oxides  of  the  8-alkoxy  quinolines.  We  cite  by  way  of  example  the  synthesis  of  the  hydrochloride  of  8- 
methoxyquinoline  N-oxide.  The  constants,  analysis,  and  yields  of  the  other  synthesized  hydrochlorides  of  the  N- 
oxides  of  the  8-alkoxy  quinolines,  and  of  their  picrates  and  of  some  bases  are  given  in  the  table. 

The  picrates  of  the  N-oxides  of  the  8-alkoxy  quinolines  are  crystalline  substances  that  are  freely  soluble 
when  heated  in  alcohol  and  acetone,  and  are  insoluble  in  ether. 

The  hydrochlorides  of  the  N-oxides  of  the  8-alkoxy  quinolines  are  colorless  or  yellow  crystalline  powders 
(needles),  diat  are  soluble  in  alcohol,  acetone  and  ethyl  acetate  and  are  insoluble  in  ether, 

Hydrochlcyide  of  8-methoxyquinoline  N-oxide.  A  solution  of  6.3  g  (0.04  mole)  of  8-raethoxyquinoline  in 
20  ml  of  chloroform  was  added  to  125  ml  of  a  chloroform  solution  of  perbenzoic  acid  contaimng  0.64  g  (0.04  equiv.) 
of  active  oxygen  by  titration.  The  mixture  was  allowed  to  stand  overnight.  The  next  day  the  oxidizing  property  of 
the  solution  had  vanished  completely.  An  alcoholic  solution  of  9.4  g  (0.41  mole)  of  picric  acid  was  added  to  the 
reaction  mass,  the  precipitated  picrate  (12.2  g  with  an  m.p.  of  125-134®)  being  filtered  out  and  twice  recrystallized 
from  alcohol.  Then  the  picrate  was  treated  with  30  ml  of  concentrated  hydrochloric  acid,  the  picric  acid  being 
filtered  out,  and  the  residue  extracted  repeatedly  with  hot  benzene.  The  acid  solution  was  evaporated  at  30-40®  in 
vacuo  until  crystallization  set  in,  violent  foaming  being  observed.  The  crystals  were  filtered  out  of  the  oily  substance, 
which  consisted  principally  of  8-methoxyquinoline  hydrochloride  with  a  trace  of  hydrochloride  of  the  N-oxide  and  re¬ 
crystallized  twice  from  alcohol  tx)  which  ether  had  been  added  until  the  solution  mrned  cloudy.  This  yielded  3  g 
{35.8Plo  of  the  theoretical)  of  the  hydrochloride  of  8-methoxyquinoline  N-oxide.  A  yellow  crystalline  powder  (needles) 
freely  soluble  in  water,  alcohol  and  acetone,  insoluble  in  ether.  It  darkens  when  allowed  to  stand  exposed  to  the 
light. 

3.124  mg  substance;  6.482  mg  CO^;  1.389  mg  i^O.  7.000  mg  subsunces  0.392  ml  ]S^  (20.5®,  745  mm). 

6.625  mg  substance;  4.524  mg  AgCl.  Found  <)(»;  C  56.59;  H  4.97;  N  6.41;  Cl  16.89.  CnH/D^N*  HCl. 

Calculated  C  56.72;  H  4.77;  N  6.62;  Cl  16.76. 


'  The  picrate  of  S^ethoxyquinoline  Noxide,  Consisted  of  yellow  needles  with  an  m.p.  of  133-134*  (from  al¬ 
cohol),  soluble  when  heated  in  alcohol  and  acetone,  and  insoluble  in  ether, 

4.900  mg  substance;  0.604  ml  (23.5*,  733  mm).  Found  «7o;  N  13.69.  CgHjQfNj. 

Calculated  N  13.86. 

Reduction  of  the  N-oxide  of  8 -butoxy quinoline.  0.25  gram  of  sodium  hydrosulfite  was  added  to  a  solution  of 
0.2  g  of  8-butoxyquinoline  N-oxide  hydrochloride  in  5  ml  of  alcohol  and  5  ml  of  water,  and  the  mixture  was  boiled 
for  1  hour.  Then  another  0.25  g  of  sodium  hydrosulfite  was  added,  and  heating  was  continued  for  another  2  hours. 
The  alcohol  was  driven  off  in  vacuo,  and  then  the  reaction  mass  was  alkalini;’-ed  with  ammonia  and  extracted  with 
etli<. An  ether  solution  of  picric  acid  was  added  to  the  ether  extract,  the  resultant  crystals  being  filtered  out  and 
recrystallized  twice  from  an  alcohol-ether  mixture,  m.p.  152-155*.  Their  mixed  melting  point  with  8-butoxyquino- 
iine  picrate  exhibited  no  depression.  The  N- oxides  of  8-Heptoxyquinoline  and  8 -decoxy quinoline  were  reduced  simi- 
lotly„  The  picrates  precipitated  after  reduction  exhibited  no  depression  when  mixed  with  the  respective  picrates  of 
8  heptoxyquinoline  and  8-decoxyquinoline, 


Tiie  N-Oxides  of  8-Alkoxy  Quinolines 


Name  of  Substance 

Melting 

Calculated 

Experimental 

%  theoret- 

point 

C 

H 

N 

Cl 

C 

H 

N 

Cl 

Lcal  yield 

.  ’^;oxyquinoline  N-oxide  J 

Hydrochloride 

152*  with 
decomp* 

58.53 

5,36 

6.21 

15.72 

58.60 

5.24 

6.09 

15.98 

22.3 

L 

Picrate 

137  -  13 V 

13.39 

13.45 

•’  i  ,x)xy quinoline  N-oxide 

Hydrochloride 

132  -  134 

60.01 

5.89 

5.84 

14.80 

60.20 

5.90 

5.92 

15.04 

25 

8 -Isopropoxy quinoline  N-oxide 

Hydrochloride 

135-136 
with  decomp 

60.01 

5.89 

5.84 

14.80 

59.88 

5.80 

6.04 

15.09 

12 

8-Butyoxyquinoline  N-oxide 

Hydrochloride 

Picrate 

120  -  121.5 
119  -  120 

61.52 

6,36 

5,52 

12.55 

13.98 

61.56 

6.22 

5.56 

12.70 

14.09 

13,5 

r 

8  Isoamoxyquinoline  N-oxide 

L 

Hydrochloride 

Picrate 

114  -  115.5 

115  -  116 

62.79 

6.78 

5.23 

12.17 

13.25 

62.88 

6.98 

5.11 

12.19 

13.42 

16 

8  -Hexoxyquinoline  N-oxide  <|^ 

Hydrochloride 

Picrate 

107  -  108 

101.5-102.5 

63.92 

7.15 

4.92 

11.81 

12.59 

63.58 

7.37 

4.97 

12.00 

12.72 

37 

8  'heptoxyquinoline  N-oxide  J 

i 

Base 

Hydrochloride 

45  -  46.5 

109  -  110 

74.08 

8.161  5.40 
,  4.74 

11.99 

73.94 

8.00 

5.47 

4.63 

12.05 

41 

L 

Picrate 

88.5-  89 

;ii.7i 

11,68 

8  Octcxy quinoline  N-oxide  1 

Hydrochloride 

117.5-118.5 

65.88 

7.81 

4.52 

11.44j65.98 

7.80 

4.38 

11.5-4 

38.6 

1 

Picrate 

98  -  99 

:il.l5 

10.99 

3  Nonoxy quinoline  N-oxide  ^ 

Hydrochloride 

Picrate 

114.5-116 

98  - 100 

66.73 

8.13 

4.32 

10.84 

10,95 

66.70 

8.17 

4.15 

10.72 

10.72 

r 

Base  * 

52  -  54  • 

71,42 

9,16 

4.39 

71.61 

9.11 

4.55 

8 -Decoxy quinoline  N-oxide  ^ 

Hydrochloride 

115.5-117 

67.52 

8.36 

4.15 

10.49 

67.50 

8.39 

4.2 

10.76 

42.2 

L 

Picrate 

105.5-106.5 

10.56 

10.47 

S-Undecoxvquinoiine  N-oxide  ^ 

Hydrochloride 

118.5-120 

68.24 

8.39 

3.98 

10.08 

68.21 

8.35 

4.16 

10,12 

22.5 

1 

Picrate 

102  -  103 

ll0.29 

10.37 

♦  Calculated  ^oi  H^O  5.74.  Found  5.64. 

SUMMARY 

A  description  is  given  of  the  synthesis  and  properties  of  the  N-oxides  of  8-hydroxyquinoline,  5-chloio-8- 
hydroxyquinoline,  and  of  the  8-alkoxy  quinolines  with  Cj— Cn  radicals,  which  possess  definite  antibacterial  activity, 
notwithstanding  their  inability  to  form  coordination  compounds. 
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MEROCYANIN  DYES  THAT  ARE  DERIVATIVES  OF  RHODANINE 

IV.  THE  STRUCTURE  OF  THE  DECOMPOSITION  PRODUCTS  i  > '  •  ^  ;  ■  >'  •  •  •  -  ’ 

•  -  .  *  ■;  .  r 

OF  QUATERNARY  SALTS  OF  DIMETHINE  MEROCYANINS.  „  ,1  ^ 


Z.  P.  Sytnik,  I.  I.  Le.vkoev  .  M.  V.  DeichmeiSter,  and  L.  D.  Zhilina- 

In  one  of  our  previous  reports  [1]  we'  have  shown  that  the  methylmethylsulfate  of  2^nediyimercapto-5-(3'- 
ethylbenzothiazolinyliden-2*-ethylidene)-thia!zolinone-(4)  (U  V  and  Y  =  S,  R  =  CHj)  is  highly  unstable,  being  hydrol¬ 
yzed  even  when  recrystallized  from  ethyl  alcohol,  precipitating  methanethiol  and  producing  a  iherocyanih  with  an 
N-methylthiazolidinedione-(2,4)  group  (II:  V  and  Y  =  3;  R  =  CHj).  It  was  subsequently  [2]  found  that  the  decompo¬ 
sition  of  the  quaternary  salts  of  other  analogous  derivatives  of  thiaz{dinone-(4)aridd'f  selenazolinone-(4)ahd^midazoli- 
aor^e.-(4)  having  the  general  structure  of  (I)  proceeds  along  the  same  lines: 


i=CH-CH= 


(I) 


N+- 

I  SO4CH3 
R 


V  =  O,  S,  Se,  CH=CH  or  CfCHjlj, 

Y  =  S,  Se  or  NH, 

R  =  CH3,  CjHg  or  C3H5, 


H^  1  1  j=ch-k:h=. 

\  y 

\/  \/ 

^sch3  n  J 

I  ^  CH3SH  +  CH3SO4H 

C2H5  .  .  .  N  - 


(H) 


Hence,  this  process  is  a  convenient  method  of  synthesizing  merocyanin  derivatives  of  thiazolidinedione- 
(2.4)  (ID. 

A  paper  by  A.  van  Dormael  was  published  at  the  end  of  1949  [3],  in  which  the  instability  of  the  quaternary 
salts  of  thiazolinone-(4)  derivatives  (I:Y  and  V  =  S;  R  =  C2l-%  or  C^Hs)  in  a  water-alcohol  medium  is  likewise  noted. 
The  author  ascribes  Structure  (IID  to  the  decomposition  products  of  these  salts,  however,  on  the  assumpnon  that  this 
•nvolves  the  rupture  of  the  carbonyl  ring. 

A.  van  Dormael  considers  the  sole  confirmation  of  this  structure  of  die  de- 
compoation  products  of  these  salts  to  be  the  results  of  their  chemical  ana^sis, 
which  he  believes  agree  satisfactorily  with  the  values  calculated  for  the  formula 

(IID.  ... 

We  had  previously  [2]  secured  the  deconpositioniwoducts  of  the  quaternary 
salts  described  by  A.  van  Dormael.  When  we  compare  the  physical  constants  of 
these  compounds  with  the. corresponding  figures  cited  by  A., van  Dormael,  we  find 
that  the  melting  points  and  absorption  maxima  are  identical  w:  else  extremely 
close,  so  that  the  same  products  were  evidently  secured  in  both  instances.  This  makes  the  discrepancies  in  the  re¬ 
sults  of  chemical  analysis  all  the  more  incomprehensible;  in  our  case,  these  results  agreed  satisfactorily  with  the 
Formula  (ID  (V  and  Y  -  S;  R  -  C3H5  or  C4H5)  ftar  both  ixoducts,  whereas  A.  van  Dorrnael*s  findings  are  very  much  at 
variance  with  Formula  (11)  and  even  with  his  proposed  Structure  (III)  as  far  as' the  N^hyl  derivative  Is  concerned. 

Discussing  the  probability  of  the  rupture  of  the  thiazoline  ring  in  quaternary  salts  of  the  merocyanins  when 
their  water-alcohol  solutions  are  heated,  A.  van  Dormael  writes:  "There  is  nothing  extraordinary  about  this  reaction. 
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except  the  ease  with  which  it  occurs."  We  thougat  that  ring  cleavage  was  unlikely  under  such  mild  conditions,  since  ^ 
it  is  known  that  analogous  reactions  take  place,  say,  for  the  derivatives  of  benzothiazole,  only  when  the  latter  are 
heated  with  concentrated  caustic  alkalies  [4]. 

In  siiecial  experiments  we  found  that  no  carbon  dioxide  was  evolved  during  the  decomposition  of  the  quat¬ 
ernary  salt  (I)  (V  and  Y  =  S;  R  =  in  a  water-alcohol  medium,  though  this  evolution  should  have  been  expected 
if  the  carbonyl  ring  were  ruptured,  yieldinga  Type  (III)  compound;  this  is  a  convincing  refutation  of  the  reaction 
course  advanced  by  A.  van  Dormael. 

On  the  other  hand,  when  the  merocyanin  (IV)  [the  decomposition  product  of  the  quaternary  salt  (I)  when  V 
and  Y  =  S  and  R  =  CjHs]  is  heated  with  b-T’jo  alcoholic  solution  of  potassium  hydroxide,  potassium  carbonate  is  thrown 
down,  and  the  solution  turns  an  orange -yellow.  No  precipitate  is  thrown  down  when  the  solution  is  diluted  with  water, 
though  the  solution  rapidly  grows  cloudy  upon  standing,  due  to  oxidation  by  atmospheric  oxygen.  When  air  is  passed 
through  this  solution  or  hydrogen  peroxide  is  added  to  it,  a  dark-brown  precipitate  settles  out.  The  resultant  substance 
is  very  slightly  soluble  in  water  and  aqueous  alkalies,  though  fairly  freely  soluble  in  benzoie  alcohol,  and  chloro¬ 
form;  it  dissolves  readily  in  dilute  hydrochloric  acid,  producing  a  colorless  solution,  from  which  the  initial  product 
may  be  recovered  by  neutralization.  When  this  compound  is  reduced  with  sodium  sulfite  in  an  alkaline  medium,  an 
orange-yellow  solution  is  produced,  from  which  it  can  be  re];xeci  pita  ted  by  passing  air  through  it  or  by  adding  hydro¬ 
gen  peroxide. 

These  properties,  as  well  as  the  chemical  analysis  data,  indicate  that  the  substance  we  had  synthesized  was 
a  disulfide  of  Structure  (V),  an  oxidation  product  of  then  mercaptoamide  (lUa),  formed  as  a  result  of  cleavage  of 
the  thiazolidinedione  ring  of  the  dimethylmerocyanin  (IV): 


We  have  not  yet  succeeded  in  isolating  the  compound  (lUa)  in  the  pure  state,  inasmuch  as  it  is  nearly  complet¬ 
ely  oxidized  to  the  disulfide  (V)  during  the  ixocess  of  isolation. 


Under  these  conditions,  the  principal  reaction  of  ring  cleavage,  with  the  retention  of  the  amido  group  (Ula) 
it  evidently  paralleled  by  partial  ring  cleavage  at  the  1,2  and  3,4  bonds.  This  is  demonstrated  by  the  evolution  of 
ethylamine  during  the  reaction,  as  indicated  by  its  characteristic  odor  and  the  alkaline  reaction  of  the  vapor. 


When  the  lemon-yellow  filtrate  of  the  disulfide  (V)  is  alkalized,  a  small  quantity  of  a  light-yellow  substance 
that  is  freely  soluble  in  aqueous  alkalies  is  precipitated.  This  compound  may  be  a  product  of  the  more  far-reaching 
disintegration  of  the  thiazolidinedione  ring.  This  substance  is  under  investigation  at  the  present  time. 


We  synthesized  two  diethylmerocyanins  (II:  V  and  Y  =  S;  R  =  CjHg  or  C^H^)  from  the  thiazolidinedione-(2,4) 
derivatives  (VI  and  VII)  in  order  to  confirm  the  structure  (II)  we  had  proposed  for  the  decomposition  products  of  the 
quaternary  salu  of  the  merocyanins  (I).  (See  top  of  next  page). 

The  synthesized  compounds  proved  to  be  the  same  as  the  corresponding  decompositionproducts  of  the  quat¬ 
ernary  salts  (I:  V  and  Y  =  S;  R  =  CjHg  or  judging  by  their  melting  points  and  the  shape  of  their  absorption 

curves  and  the  location  of  the  nuximum. 


We  synthesized  3-ethyl^-acetamlinomethylenethizoUdinedione-(2,4)  (VI)  as  indicated  below,  the  pcocedute 
being  also  founded  upon  hydrolysis  of  the  quaternary  salt  (YIII).  The  structure  of  the  intermediate  (DC)  and  end  (VI) 
products  was  corroborated  by  the  chemical  analysis  findings. 


COCH, 

*ch-k/ 


L 


COCH, 

— r 

ch-n/ 

A 

1 

1 

CjH, 

(VUI) 

lH»  (DC) 


We  have  therefore  definitely  established  that  heating  the  quaternary  salts  (I)  m  an  aqueous  or  an  aqueous- 
alcoholic  medium  results  in  hydrolysis,  yielding  the  merocyanins  (II),  and  that  no  cleavage  of  the  carbonyl-con¬ 
taining  ring  takes  place.  Hence,  the  reaction  sequence  proposed  by  A.  van  Dormael  is  erroneous. 


It  should  be  noted  that  the  products  described  by  A.  van  Dormael  contained  appreciable  conuminations  in 
many  instances,  which  may  be  the  reason  for  the  false  conclusions  he  drew  from  his  research.  Thus,  A.  van  Dormael 
cites  an  absorption  coefficient  at  475  mfi  for  the  decomposition  product  of  the  quaternary  salt,  in  the  case  of  the  N  * 
ethyl  derivative,  that  is  240  times  smaller  than  that  of  the  pure  preparation  (log  2J38  instead  of  4,77)..  The  cor¬ 
responding  quaternary  salt  he  used  was  already  largely  decomposed,  as  indicated  by  the  presence  of  a  subordinate 
absorption  maximum  at  474  mfi,  the  intensity  of  which  is  more  than  4  times  that  of  the  principal  maximum  (log 
^55,  3.91;  log  4.53).  Lastly,  A.  van  Dormael  gives  two  absorption  maxima,  at  531  mp  and  501  mp,  of  approxi¬ 
mately  the  same  intensity  (log  Cjjj  4.69;  log  4.51),  for  the  initial  merocyanin,  3-ethyl-6-(3*-ethylbenzothiazo- 
linyliden-2*-eihylidene)-thlazolidinethion-(2)-one-(4). 

Moreover,  as  we  see  from  the  graj^,  all  these  compounds  possess  only  one,  fairly  narrow  absorption  band  in 
the  visible  region,  with  extinction  coefficients  of  the  same  order  of  magmtude. 


EXPERIMENTAL 

3-Ethyl-6-anilinomethylenethiazolidinedione-(2,4)  (VID.  3  Grams  of  3-ethyl-5-acetanilinomethylenethiazcdi- 
dinethion-(2)-one-(4)  and  3.78  g  of  dimethyl  sulfate  were  heated  together  for  30  minutes  to  120*  (temperature  within 
the  mixture).  After  the  mixture  had  cooled,  the  quaternary  salt  was  washed  with  absolute  ether  (twice  with  20-ml 
portions),  the  tarry  residue  being  dissolved  in  60  ml  of  50%  alcohol  and  the  solution  being  boiled  for  1  hour,  meth- 
anethiol  separating  out.  The  next  day  the  precipitate  was  filtered  out  and  washed  with  alcohol.  The  yield  was  1.4  g 
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1 

(56.4<7o  of  the  theoretical),  m.p^  147-148®,  and  1.26  g  (50. 8^0  of  the  theoretical) 
aftei  the  rec’^stallization  from  bOPjo  alcohol.  Minute  yellow  needles  with  an 
m.p.  of  158®. 

Found ‘7a- N11.30.  11.42;  S  12.  85,  13,13,  CuHuOjNiS. 

Calculated  <5b;  N  11.29;  S  12.91, 

3-^thyl-5-acetanillnometnylenethia2olidinedione“(2.4)  (IV).  A  solution 
of  1,24  g  of  3-ethyl-5-anilinomethylenethiazolidinedione-(2,4)  and  0.26  ml  of 
triethylamtne  in  15  mJ  of  acetic  anhydride  was  boiled  for  1  hour.  After  the 
acetic  anhydride  had  been  driven  off  in  vacuo,  the  residue  was  rubbed  with 
10  ml  of  bOPjo  alcohol,  the  precipitate  being  filtered  out  and  washed  with 
water.  The  yield  was  1.32  g  (91*70  of  the  theoretical,  m,p,  125-126*.  The 
product  was  purfied  by  crystallizing  it  from  180  ml  of  30*7)  alcohol,  yielding 
1.05  g  (72.5*70  of  the  theoretical).  Minute  light  yellow  needles  with  an  m.p. 
of  115-116". 

Found  *5t"  N  9.68,  9.83.  Calculated  °loi  N  9.65. 

3-^thyl  -5"(3*-ethylbenzothiazolmyliden  2*  ethylidene)-thiazolidinedione- 
(2,4)  (IIsV  and  Y  =  S;  R  =  Ctl^j).  1.  Decomposition  of  the  quaternary  salt  (I) 

(V  and  Y  =  S;  R  ~  C^Hb)  in  a  water-alcohol  medirrm).  A  mixture  of  1.4  g  of 
pure  3-ethyl-6-(3f'~ethvlbenzothiazoli  iiylide.ri.-2'-ethylidene)-thiazolldinethion- 
2-one(4)*  and  1.52  g  of  dimethyl  sulfate  was  heated  to  130*  (temperature  with¬ 
in  the  mixture)  for  15  minutes  as  it  was  stirred.  The  quaternary  salt  was  washed 
by  triturating  it  with  absolute  ether  (4  times,  10-ml  portions),  and  the  residue 
was  boiled  with  anhydrous  benzene  (3  times,  15 -ml  portions).  The  yield  was 
1.82  g  (95*55)  of  the  theoretical).  Dark-brown  prisms  with  an  m.p.  of  188-189*  (with  decomposition).  Absorption  maxi¬ 
mum  of  a  medianol  solution  at  530  m/i  7.71 -10^  (log  6530  4.88). 

Found  *55);  N  5.64,  5.75.  CigI^05NtS4.  Calculated  *70,-  N  5.90. 

1.82  Grams  of  the  salt  was  placed  in  a  louhd-bottomed  flask  fitted  with,  a  reflux  condenser.  Au  freed  of  its 
carbon  dioxide  was  passed  through  the  flask  for  30  minutes  after  which  100  ml  of  50*70  ethyl  alcohol  was  added,  and 
the  upper  end  of  the  condenser  was  connected  to  a  Tishchenko  flask  containing  a  solution  of  barium  hydroxide.  The 
outlet  tube  of  the  Tishchenko  bottle  was  connected  to  a  water- jet  pump,  and  a  weak  current  of  air  freed  of  carbon 
dioxide  was  sucked  through  the  system.  The  liquid  was  boiled  for  2  hours,  the  barium  hydroxide  solution  not  exhibit¬ 
ing  any  turbidity.  After  the  solution  had  cooled,  the  precipitated  deposit  was  filtered  out  and  washed  with  alcohol 
and  ether.  The  yield  was  1.08  g  {Sl.&lo  of  the  theoretical),  m.p.  220“221*  with  decomposition.  The  melting  point 
was  unaffected  by  recrystallization  from  180  ml  of  alcohol.  Orange  needles,  freely  soluble  in  alcohol,  benzene  and 
ether,  insoluble  in  water  or  aqueous  alkali.  Absorption  maximum  of  an  alcoholic  solution;  472  m/x,  5.89- 10^ 

(log  €4,  4.77). 

Found  *7);  N  8.24;  S  19.44,  19.10;  C  57.94,  58.05;  H  5.04,  4,92.  (II,  V,  Y  =  S,  R  -  CjHg) 

Calculated  N  8.42;  S  19.29;  C  57.80;  H  4.85.  (IH,  R  =  CjHg)  Calculated  %  N  9.15; 

S  20.91;  C  58.82;  H  5.89.  (According  to  A.  van  Dormael;  Found  ‘7>,“  N  9.07;  S  20.29;  C  59.73;  H  5.24). 

2.  From  3-ethyl-^^cetanilinomethylenethiazolidinedione-(2,4)  (IV).  A  solution  of  0.87  g  of  3-ethyl-5- 
acetanilinomethylenethiazolidinedione-(2,4)  and  1.05  g  of  2-methylbenzoihiazole  ethyl-2  toluenesulfonate  in  15  ml 
of  pyridine  was  boiled  for  1  hour.  The  precipitated  dye  was  filtered  out  and  washed  with  water  and  with  alcohol. 

The  yield  was  0.39  g  (39*7)  of  the  theoretical).  M.p.  219-220®  (with  decomposition).  Absorption  maximum  in  ethyl 
alcohol:  472  m/i,  6^  5.89*  10^  (log  6^  4.75),  The  mixed  melting  point  of  this  dye  with  the  sample  secured  by  the 
first  method  exhibited  no  depression. 

3^*faenyl-6^(3*-€thylben20thlazollnvliden-2*-ethylidene)^:hazolldinedione-(2.4)  (II;  V  and  Y  =  S;  R  =  CgHg). 

1.  Decomposition  of  the  quaternary  salt  (I)  (V  and  Y  =  S;  R  =  Cgl^)  in  aqueous  alcohol.  A  mixture  of  0.79  g  of 
3-phenyl-6-(3'-ethylbenzothlazolinyliden-2*-€thylidene)“thiazolidinethion“<2)  -one-(4)  and  0.76  g  of  dimethyl  sulfate 

M.p.  262-264*  (with  decomposition;  absorption  maximum  of  an  alcoholic  solution:  524  m|i,  €534  11.31  •  10* 

(log  ^534  5.05). 


1  “  3-ethyl-6-(3*-ethylbenzo- 
thiazolinyliden-2*-ethylidene)- 
thiazolidinethion-(2)-one-(4); 

2  -  quaternary  salt  (h  V  and  Y  * 
S;  R  =  C3H5);  3  -  decomposition 
product  of  the  quaternary  salt 
(IV). 
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I  was  heated  to  130*  for  15  minutes.  After  the  residue  had  been  washed  with  absolute  ether,  It  was  boiled  twice  with 

I  anhydrous  benzene  (using  15-ml  portions  each  time).  The  yield  was  0.84  g  (80»|fc  of  the  theoretical),  m.p.  210-211* 

f  (with  decomposition).  Absorption  maximum  of  an  alcoholic  solution:  533  mp,  €533  6.03*  10*  (log  €333  4. 78).  0.84  g 

of  the  synthesized  salt  was  dissolved  in  30  ml  of  bOPjo  alcohol,  and  the  solution  was  boiled  for  30  minutes,  yielding 
0.72  g  (94.5<lfc  of  the  theoretical),  m.p.  225-227*  (with  decomposition).  The  yield  totaled  0.52  g  (68.4<)5)  of  the  theor- 
j  etical)  after  recrystallization  from  150  ml  of  alcohol.  Bright-red  prisms  with  an  m.p.  of  229-230*  (with  decomposi- 

*  tion)  (A.  van  Dormael  gives  230-231*).  Absorption  maximum  of  an  alcoholic  solution:  476  mfx;  8.13  •  10*  (log 

Found  <yo:  N  7.14;  S  16.64,  16.57;  C  63.17,  63.02;  H.4.23,  4.33.  (II*  V,  Y  =S,  R  =  C3H»)  CjoHijOjNjS,.  Calc,- 
"jt:  N  7.36;  S  16.85;  C  63.13;  H  4.23  (III,  R  =  CjHj).  CjjHiiOjNjS,.  Calculated '?b:  N  7.90;  S  18.07.  (Ac¬ 
cording  to  A.  van  Dormael:  Found  <7(>:  N  7.69,  7.59;  S  18.31,  18.26). 

'  2.  From  3-phenylthiazolidinedione-(2,4)  and  2-(  B-acetanilinovinyl)-benzothiazole  (V)  ethiodide.  A  solution 

I  of  0.63  g  of  3^henylthiazolidinedione-(2,4),  1.38  g  of  2-(6-acetanillnovinyl)-benzothiazole  ethiodide,  and  0.42  g  of 

i  triethylamine  in  15  ml  of  absolute  alcohol  was  heated  for  30  minutes  on  a  boiling  water  bath.  The  dye  began  to 

[  settle  out  from  the  hot  solution.  The  yield  was  0.85  g  (74.5<7o  of  the  theoretical),  m.p.  190-194*.  To  remove  the 

I  noticeable  trace  of  thiacarbocyanin,  a  solution  of  the  dye  in  benzene  was  drawn  through  a  tube  filled  with  alumina. 

I  As  the  solution  passed  through  the  layer  of  alumina,  two  layers  were  formed:  a  top  red-violet  (carbocyanin)  layer, 

I  and  a  bottom  orange-yellow  (merocyanin)  layer.  The  latter  was  washed  out  with  benzene,  the  carbocyanin  remaining 

[  on  the  alumina.  The  benzene  solution  was  evaporated,  the  residue  being  crystallized  from  ethyl  alcohol.  The  yield 

was  0.42  g  (37.8<7o  of  the  theoretical).  Bright-red  needles  with  an  m.p.  of  229-230*.  Absorption  maximum  of  an  al¬ 
coholic  solution:  476  m/i,  ^73  8.05*  10*.  The  mixed  melting  point  of  this  dye  and  a  sample  produced  by  the  first 
method  exhibited  no  depression. 

Action  of  alcoholic  alkali  on  3-ethyl-5-(3*-ethylbenzothiazolinyliden-2*-ethylidene)-thiazolidinedione-(2,4). 

To  a  suspension  of  1.32  g  of  3-ethyl-5-(3*-ethylbenzothiazolinyliden-2*-ethylidene)-thiazolidinedione-(2,4)*  in  10  ml 
of  ethyl  alcohol  there  was  added  10  ml  of  a  12Plo  alcoholic  solution  of  potassium  hydroxide,  and  the  mixture  was  re¬ 
fluxed  for  15  minutes.  As  heating  continued,  the  initial  merocyanin  gradually  dissolved,  and  a  colorless  heavy  iwe- 
cipitate  settled  out.  The  odor  of  ethylamine  was  perceptible,  and  the  evolving  vapor  exhibited  an  alkaline  reaction 
with  litmus.  The  colorless  precipitate  was  filtered  out  and  washed  with  20  ml  of  absolute  alcohol.  The  resultant  i»o- 
duct  dissolved  readily  in  water,  producing  a  strongly  alkaline  solution,  acidulationof  which  evolved  carbon  dioxide, 
j  The  potassium  carbonate  weighed  0.42  g  (79^  of  the  theoretical),  determined  by  titration  with  hydrochloric  acid  in 

the  presence  of  methylorange.  Wash  alcohol  and  60  ml  of  water  were  added  to  the  orange-yellow  solution,  which 
grew  cloudy  when  exposed  to  the  air.  Air  was  passed  through  the  solution  until  no  more  precipitate  was  thrown  down. 
The  product  was  filtered  out  and  washed  with  water  until  its  reaction  was  neutral.  The  yield  was  0.81  g  (66*^  of  the 
theoretical),  m.p.  178-179*.  A  similar  compound  was  produced  by  adding  hydrogen  peroxide  to  the  alkaline  solution, 
j  The  product  was  purified  by  crystallizing  it  from  alcohol.  Dark-brown  prisms  with  a  green  tinge.  M.p.  179*.  Very 

slightly  soluble  in  water,  aqueous  alkali,  or  ether,  and  rather  freely  soluble  in  benzene,  alcohol,  and  chloroform. 

j  Found  N  9.15,  9.28.  C38H340,N4S4.  Calculated  <7oi  N  9.17. 

i  Acidulating  the  lemon-yellow  mother  liquor  threw  down  a  light-yellow  precipitate  (weighing  0.2  g,  m.p. 

!  129-134*),  which  was  readily  soluble  in  alcohol  and  aqueous  alkalies. 

[  SUMMARY 

1.  It  has  been  confirmed  that  when  quaternary  salts  of  dimethinemerocyanins  containing  a  2-methylmer- 

1  captothiazolinone-(4)  radical  are  decomposed  in  aqueous  or  alcoholic  solution  ,  dyes  that  are  derivatives  of  thia- 

zolidinedione-(2,4)  ate  formed,  the  carbonyl-containii^  ring  not  being  cleaved  under  these  conditions.  Thus  the 
reaction  involved  in  the  decomposition  of  these  salts,  set  forth  by  A.  van  Dormael,  is  wrong. 

2.  It  has  been  shown  that  when  a  dimethinemerocyanin  containing  a  thiazolidinedione-(2,4)  radical  is 
heated  with  an  alcoholic  solution  of  t>otassium  hydroxide,  the  carbonyl-containing  ring  is  cleaved,  carbon  dioxide 
being  split  out  and  an  a-mercaptoamide  being  produced,  which  is  readily  oxidized  to  the  respective  disulfide. 
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*  The  quaternary  salt  (I)  (V  and  Y  =  S;  R  =  C^Hs)  produced  by  hydrolysis. 

••See  Consultants  Bureau  translation,  p.  847. 
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THE  MICROSY NTHESIS  OF  TAGGED  S*®-METHIONINE 
V.  I.  Maimlnd,  M.  N.  Shchukina,  and  T.  F.  Zhukova 


Twenty  hears  have  passed  since  the  initial  synthesis  of  methionine  [1],  and  we  now  have  numerous  and  var> 
ied  methods  for  its  synthesis,  but  only  a  few  of  them  have  been  tested  for  the  microsynthesis  of  S*^nethionine. 


For  example,  a  check  [3]  of  the  Patterson  and  du  Vigneaud  method  [2]  indicated  that  it  was  unsatisfactory. 
The  authors  subsequently  modified  their  method  somewhat  [4],  raising  the  methionine  yield  considerably  - 

based  on  the  barium  sulfate,  but  it  still  requires  special,  complicated  apparatus,  high  vacuum  (10'^,  the  use  of 
liquid  gases,  and  the  like,  and,  most  important  of  all,  appreciable  dilution  of  the  reagents. 


Hill  and  Robson  [5]  perfected  a  satisfactory  synthesis  of  methionine,  based  on  elementary  sulfur  and  employ** 
ing  the  butyrolactam  method.  This  method  involves  a  large  number  of  stages  (up  to  19-21),  however;  moreover,  it 
does  not  ensure  constant  high  yields  of  the  benzenethiol,  which  oxid  izes  readily  under  the  inrevaillng  conditions  of 
the  reaction.  The  best  results  can  be  secured,  apparently,  by  starting  out  with  a  benzylmagnesium  halide  and  sul¬ 
fur. 


We  have  worked  out  a  simple  method  of  synthesizing  methionine  from  barium  sulfate,  making  it  possible 
to  secure  the  required  quantities  of  this  substance  periodically  without  the  use  of  special  apparatus  and  instruments. 

^ _  .A  “ 


BaS  »  NH,CSNHj 

*  900-1000*  NH^HCOs  *  * 


lS-C^  -H,SOi  [CHgSH]  »  ch,sch,civ:ho 


Cl^s-Cf  •  H,S04 
NH, 


TI 


k 


The  method  is  founded  upon  the  addition  of  methanethiol  to  acrolein,  which  is  used  at  present  [6]  for  the 
synthesis  of  ordinary  methionine.  The  stage  in  which  thiourea  is  produced.  i.e.,  the  introduction  of  sulfur  into  the 
organic  molecule,  is  of  basic  importance  in  this  procedure.  Though  the  pro  duction  of  thiourea  from  hydrogen  sul¬ 
fide  or  sulfides  and  cyanamide  has  been  described  repeatedly,  principally  in  the  patent  literature  (ctKretov's  sur¬ 
vey  [7],  for  example),  these  findings  cannot  be  utilized  directly,  inasmuch  as  a  large  excess  of  hydrogen  sulfide  is 
ordinarily  used,  with  the  yield  calculated  in  terms  of  the  cyanamide.  When  stoichiometric  proportions  of  HgS  and 
cyanamide  were  employed,  the  maximum  yield  did  not  exceed  60% 


Repeated  experiments  have  shown  that  when  1.5  moles  of  cyanamide  are  used  per  mole  of  barium  sulfide, 
the  conditions  may  be  so  chosen  as  to  ensure  complete  utilization  of  the  sulfur.  The  thiourea  produced  is  contam¬ 
inated  by  large  amounts  of  dicyandlamide,  however,  which  mterfere  with  the  next  methylation  stage;  and  purifying 
the  thiourea  of  the  dicyandiamide  involves  appreciable  losses  of  the  former.  We  found  that  the  thiourea  isolated 
was  fully  satisfactory  for  the  ensuing  reactions  when  the  excess  of  cyanamide  used  was  no  higher  than  20^.  The 
thiourea  yield  then  totaled  92^o  of  the  theoretical. 

In  the  other  stages  of  the  synthesis  we  found  it  possible  to  employ  the  methods  already  given  in  the  literature 
without  major  finishing  processing,  as  they  are  applicable  without  appreciable  changes  in  yields  when  small  quan¬ 
tities  are  utilized.  One  exception  is  the  stage  in  which  we  produce  methylmercaptoptopionaldehyde,  which  does  not 
allow  of  using  quantities  below  200  mg  without  lowering  the  yield,  so  that  it  is  advisable  to  purify  it  by  distillation 
for  use  in  the  subsequent  stages.  The  overall  yield  of  pure  methionine  averages  26.2P]o  of  the  theoretical. 
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We  also  tried  out  another  method  of  synthesizing  methionine,  involving  the  reaction  of  methanethiol  with 
B-bromoethylhydantoin  [12],  Reacung  the  resultant  (methylmetcaptoethyl)-hydantoin  with  barium  hydroxide  yields 
methiomne.  An  advantage  of  this  method  is  a  diminution  in  the  number  of  stages  in  which  substances  containing 
sulfur  are  employed.  Owing  to  the  instability  of  the  6-bromoethylhydantoin,  however,  the  yields  of  the  (methylmer- 
captoethyl)*hydantoin  fluctuate,  rendenng  the  method  unreliable. 

EXPERIMENTAL 

Barium  sulfide.  The  barium  sulfate  was  reduced  by  the  method  described  in  the  literature  [8],  When  the 
quantity  of  barium  sulfate  does  not  exceed  1.0  g.  75  minutes  of  heating  is  all  that  is  necessary.  The  yield  by 
weight  is  usually  theoretical.  Upon  titration,  the  product  exhibits  a  barium  sulfite  content  of  97-99^o. 

Thiourea.  0.36  gram  of  pure  cyanamide,  1.2  g  of  NII^CO|,  traces  of  finely  powdered  sulfur  (less  than  0.5 
nig),  1.3  g  of  BaS,  and  15  ml  of  water  were  placed  in  a  small  jar  fitted  with  a  well-sealing  ground  stopper.  The  mix¬ 
ture  was  agitated  for  2.5  hours  at  a  temperature  of  25-30*  and  then  transferred  to  a  long-necked  flask  and  slowly 
(during  the  course  of  an  hour)  heated  to  60®,  after  which  it  was  brought  to  a  boil,  a  foam  trap  connected  and  a  con¬ 
denser  and  steam  passed  through.  25-40  ml  of  water  was  driven  off  until  the  distillate  no  longer  exhibited  an  alkaline 
reaction.  The  mixture  was  filtered  while  still  hot,  the  precipitate  bemg  washed  with  a  small  quantity  of  hot  water, 
and  the  filtrate  being  evaporated  in  vacuo  to  a  small  volume  (2-3  ml).  The  residue  was  dried  in  a  vacuum  desiccator. 
The  dry  substance  weighed  0.60  g.  M.p.  168-1 72*.  It  contained  92*^  thiourea. 

Methylisothiourea  sulfate.  The  method  employed  was  the  one  described  in  Syntheses  of  Organic  Prepara¬ 
tions  [10].  The  dimethyl  sulfate  was  first  neutralized  and  distilled.  The  yield  averaged  78^. 

Methylmercaptopropionaldehyde.  It  is  convenient  to  carry  this  reaction  out  m  a  device  for  the  micro  de¬ 
termination  of  methoxy  groups  [11].  Into  a  small  flask  there  were  charged  0.5  g  of  methylisothiourea  sulfate  and 
0.72  ml  of  5N  NaOH,  and  the  flask  was  heated  very  gently  on  a  screen  over  a  micro  burner.  The  resultant  steady, 
weak  current  of  CH|SH  was  passed  through  dilute  H1SO4  (1:2)  and  calcined  fine-grained  calcium  chloride  and  then 
absorbed  by  the  acrolein  ( 1.5-2. 0  ml)  present  in  the  test  mbe  and  containing  traces  of  triethylamine  (in  a  platinum 
wue  loop).  (If  large  quantities  of  triethylamine,  say,  one  drop,  are  employed,  the  acrolein  may  polymerize.)  The 
test  tube  with  the  acrolein  was  placed  in  a  freezing  mixture,  care  being  taken  to  keep  the  temperature  of  the  acro¬ 
lein  from  rising  above  -2*.  The  reaction  continued  for  about  40  minutes.  More  heat  was  applied  toward  the  end  of 
the  reaction.  The  residual  CHsSH  was  sublimated  from  the  system  by  a  current  of  mtrogen. 

The  contents  of  the  test  tube  were  transferred  to  a  small  distil  lation  flask  with  an  efficient  condenser  sealed 
to  it.  The  test  tube  was  wa^ed  with  absolute  ether,  the  wash  ether  being  combined  with  the  previous  mixture.  The 
excess  acrolein  and  ether  were  driven  off  at  a  low  vacuum,  and  the  residue  distilled.  The  yield  was  0.26  g  (70*^). 

B.p.  80*  at  30  mm  and  66*  at  17  mm. 

5-(Mediylmercaptoethyl)-hydantoin  was  synthesized  by  a  published  method  [6].  When  small  quantities  were 
used,  the  yield  did  not  exceed  65-70^.  M.p.  103-104*. 

Methionine  [12].  1.3  grams  of  finely  powdered  Ba(OH)| *81110  and  0.42  g  of  (methylmercaptoethyl)-hydan- 
toin,  dissolved  in  7.7  ml  of  hot  water,  were  placed  in  a  tube.  The  tube  was  sealed  and  heated  in  an  oscillating  bath 
at  155-165*.  The  mass  solidified  within  30  minutes,  and  heating  was  discontinued.  After  the  barium  carbonate  had 
been  suction-filtered  out,  the  filtrate  was  processed  with  0.22  g  of  ammonium  carbonate.  The  solution  was  refil¬ 
tered  and  then  evaporated  to  dryness  in  vacuo  at  60*.  The  dry  residue  was  mixed  with  2-3  ml  of  absolute  alcohol 
and  suction-filtered.  The  yield  was  0.28  g  (93^  of  the  theoretical).  Recrystallization  from  aqueous  alcohol  yielded 
0.22-0.24  g  of  pure  methionine. 


SUMMARY 

m  • 

1.  A  simple  method  has  been  developed  for  synthesizing  S*-methionine,  starting  out  with  BaS04,  making  it 
pouible  to  work  with  small  quantities  of  the  initial  substance. 

2.  Thiourea,  methylisothiourea,  methanethiol,  and  5-(S^Tlethylmercaptoethyl)-hydantoin  containing  S* 
have  been  synthesized  for  the  first  time. 


If  the  calcium  cyanamide  is  low-^rade  (35*^),  we  first  precipitate  calcium  cyanamide  carbonate,  which  then 
gives  off  CO|.  The  solution  is  carefully  evaporated  in  vacuo,  the  pure  cyanamide  being  recovered  in  the  usual 
manner  [9]. 
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DERIVATIVES  OF  ACETYLENE.  143.  HETEROCYCLIC  COMPOUNDS 


XDC.  STERIC  ISOMERISM  IN  THE  HYDROGENATED  THIOCHROMANONES 
I,  N.  Nazarov,  I.  A.  Gurvich,  and  A.  I.  Kuznetsova 


As  we  know,  the  stereochemistry  of  bicyclic  ketones  has  been  studied  in  detail,  the  decalones  [1]  and  the 
diketodecaiins  [2]  being  used  as  examples.  But  prior  to  our  researches  no  research  has  been  done,  however,  on  the 
stereochemistry  of  the  sulfur  analogs  of  the  decalones  -  the  hexahydrothiochromanones  and  their  derivatives —since 
fully  hydrogenated  thiochroma nones  were  unknown.  The  paper  by  McGinnis  and  Robinson  [3],  who  isolated  two 
isomers  in  synthesizing  a  ihiopyranophenanthrene  and  considered  them  to  be  steric  isomers,  but  cited  no  proof  there' 
of,  bears  some  relationship  to  the  problem  in  question. 

In  one  of  our  previous  investigations  of  the  action  of  hydrogen  sulfide  upon  allyl  A'-cyclohexenyl  ketone, 
we  secured  2-methylhexahydto-l-thiochroman-4-one  in  two  stereoisomeric  crysralline  forms,  which  yielded  the  re¬ 
spective  stereoisomeric  sulfones  upon  oxidation  [4].  We  recently  undertook  the  building  up  of  such  sulfones  by 
means  of  a  diene  condensation  of  the  dioxides  of  2 -methyl -4-thiopyrones  with  butadiene  [5]. 


A  detailed  investigation  of  the  structure  of  the  resultant  products  indicated  that  the  action  of  hydrogen  sul¬ 
fide  upon  allyl  A*-cyclohexenyi  ketone  in  the  presence  of  sodium  acetate  results  in  the  formation  of  trans-2-methyl- 
hexahydro-l-thiochroman-4-ones  (III)  and  (IV),  yielding  upon  oxidation  the  respective  tranwulfones  (V)  and  (VI), 
differing  only  in  the  position  of  the  methyl  group  attached  to  the  second  carbon  atom,  whereas  the  bicyclic  sulfones 
(VII),  (XV),  (XVI),  and  (XVII),  i^oduced  by  the  diene  condensation  of  thiopyrone  dioxides  with  butadiene,  belong 


(VII)  m.p.  17T  (VllI)  m.p,  98* 
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It  is  quite  possible  that  the  initial  products  of  the  action  of  hydrogen  sulfide  upon  allyl  A*-cyclohexenyl  ketone 
are  also  the  cis  compounds  (I)  and  (!!)•,  which  are  isomerized  to  the  respective  trans  ketones  (III)  and  (IV)  under  the 
conditions  governing  their  formation  (heating  with  sodium  acetate). 

When  the  product  of  diene  condensation.  (VII),  is  exhaustively  hydrogenated  with  a  Pd  catalyst  in  a  dioxane 
solution,  two  molecules  of  hydrogen  are  absorbed,  and  the  dioxide  of  cis-2-methylhexahydro-l-thiochroman-4-one  (Vlll) 
is  produced.  When  the  sulfone  (VIII)  is  boiled  in  a  dilute  solution  of  sodium  methoxide  or  its  alcoholic  solution  is  acid¬ 
ulated  at  room  temperature  with  drops  of  strong  hydrochloric  acid,  it  is  irreversibly  isomerized  to  the  trans  sulfone 
(VI),  which  we  had  previously  produced  by  oxidizing  tran9-2-methylhexahydro-l-thiochioman-4-one  (IV)  [4].  That  the 
sulfones  (V)  and  (VI)  belong  to  the  cans  series  is  proved  by  the  fact  that  neither  sodium  methiodide  nor  hydrochloric 
acid  is  able  to  isomerize  them..  Under  these  conditions  cis  compounds  are  completely  isomerized  to  the  more  stable 
trans  isomers,  as  has  been  shown  vn  the  monocyclic  ketosulfone  (IX)  [4]  as  well  as  in  the  bicyclic  ketosulfone  (VIII). 


It  is  worthy  of  note  that  the  unsaturated  cis  sulfone  (VII)  cannot  be  similarly  isomerized  to  the  trans  compound; 
it  is  recovered  unchanged  after  boiling  with  sodium  methoxide  or  reaction  with  hydrochloric  acid. 

As  we  know,  the  product  of  the  diene  condensation  of  quinone  with  one  molecule  of  divinyl  is  likewise  not 
isomerized  even  after  the  conjugated  double  bond  has  been  reduced,  while  the  product  of  complete  hydrogenation  — 
1,4-diketodecalin  — is  readily  isomerized  to  the  trans  form  by  enolizing  agents  [20], 

Inasmuch  as  the  steric  configuration  is  retained  when  tetrahydro-  y  -thiopyrones  are  oxidized  to  sulfones  by 
permanganate  in  acetone,  the  isomerization  of  the  hexahydrothiochromanone  (III)  to  the  hexehydrothiochromanonfe 
(IV)  described  previously  must  be  attributed  not  to  a  change  in  configuration  at  the  junction  of  the  rings,  but  solely 
to  a  change  in  the  arrangement  of  the  methyl  group  attached  to  the  second  carbon  atom.  It  is  worthy  of  note  that  the 
ketone  (in)  is  readily  isomerized  to  the  ketone  (IV)  only  when  acted  upon  by  alkaline  reagents  (boiling  with  sodium 
methoxide  in  methanol).  No  isomerization  occurs  at  all  when  an  alcoholic  solution  of  the  hexahydrothiochromanone 
(HI)  is  acted  upon  by  hydrochloric  acid  at  room  temperature,  the  substance  being  recovered  unchanged. 

The  hydrogenation  of  the  unsaturated  cis  sulfone  (VII)  by  a  Pt  catalyst  in  an  acid  medium  (glacial  acetic 
acid  with  drops  of  strong  hydrochloric  acid)  is  mo.re  complicated.  Under  these  conditions  the  absorption  of  two  mole¬ 
cules  of  hydrogen  is  followed  by  the  formation  of  a  mixture  of  three  sulfones;  the  unsaturated  dioxide  of  cis-2-i'neth- 
ylhexahydro-l-thiochromen-4-one  (XI),  and  the  saturated  dioxides  of  cis-2-methylhexahydro-l-thiochtoman-4-one  (XII) 


The  position  of  the  methyl  groups  in  the  diagram  is  tentative,  since  the  absolute  configuration  at  Cj  has  not  been 
established. 
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Hydrogenating  the  sulfone  (Xl}:with  a  I'd  catalyst  in  dioxane  yields  the  saturated  ^sulfone  (VIII)  described 
above,  which  is  also  produced  by  the  oxidation  of  the  alcohol  (XII)  with  chromic  anhydride.  ■  ' 

Thus,  the  sulfone  (Xl)  produced  initially  is  hydrogenated  in  an  acid  medium  along  two  different  lines:  re¬ 
duction  of  the  carbonyl  group  (via  an  unsaturated  alcohol)  results  in  the  foimation  of  a  saturated  alcohol  (XII), 
while  hydrogenation  of  the  double  bond  yields  the  ch  sulfone  (VIII),  which  is  isomerized  by  hydrochloric  acid  at 
the  instant  it  is  formed  to  the  trans  ketone  (VI).  Similar  instances  of  the  catalytic  hydrogenation  of  unsaturated 
ketones  have  been  described  in  the  literature  [7].  Our  example  offers  striking  proof,  however,  that  a  ^ketone 
(VIII)  is  not  an  intermediate  product  in  the  formation  of  the  alcohol  (XII).  Nor  is  the  carbonyl  group  of  two  other 
steric  isomers  (V)  and  (VI)  hydrogenated  by  platinum  in  acetic  acid  under  ordinary  conditions. 

It  is  worthy  of  note  that  we  were  unable  to  secure  an  intermediate  product  of  the  addition  of  one  hydrogen 
molecule  during  the  partial  hydrogenation  of  the  sulfone  (VII)  with  a  Pd  catalyst  in  dioxane.  This  product  is  ap¬ 
parently  hydrogenated  faster  than  the  original  sulfone.  No  definite  conclusion  can  be  inferred,  however,  because  of 
the  small  quantitites  of  the  substance  available  for  Our  research;  there  is  no  doubt,  however,  that  the  sulfone  (XI) 
is  not  produced  in  this  case. 

As  we  have  shown  in  our  preceding  report  [5],  condensing  the  uns^iurated  sulfone  (XIII)  with  divinyl  yields  a  ' 
mixture  of  two  bicyclic  cis  sulfones  (XVI)  and  (XVII),  which  differ  in  the  position  of  the  methyl  group  attached  to 
the  second  carbon  atom.  The  stereoisomeric  sulfones  (XVl)  and  (XVII)  are  also  produced  by  the  partial  reduction  of 
the  unsaturated  bicyclic  sulfone  (XV),  which  is  produced  by  the  condensation  of  divinyl  with  the  dioxide  of  2,5- 
dimethylthiopyran  (XIV); 


(XVII)  m.p.  195"  (XIX)  m.p.  141" 


Reduction  of  the  sulfone  (XV)  with  zinc  in  acetic  acid  yields  the  low-melting  isomer  (XVI),  while  partial 
hydrogenation  of  the  sulfone  (XV)  with  a  Pd  catalyst  in  dioxane  yields  the  high-melting  isomer  (XVII).  Hence,  it 
is  the  double  bond  that  is  conjugated  with  the  carbonyl  group  that  is  first  reduced  during  the  partial  hydrogenation 
of  the  sulfone  (XV)  with  a  Pd  catalyst  in  dioxane.  . 

Subsequent  hydrogenation  of  the  sulfone  (XVI)  with  a  Pd  catalyst  yields  the  saturated  sulfone  (XVIII),  while 
the  epimetic  sulfone  (XVII)  yields  the  respective  saturated  sulfone  (XIX)  upon  hydrogenation.  All  the  four  sulfones 
(XVI),  XVII),  (XVIII),  and  (XIX),  produced  by  diene  condensation,  are  no  doubt  cu  compounds,  their  inability  to 
isomerize  to  trans  compounds  by  alkaline  or  acid  catalysts  (sodium  methoxide  and  hydrochloric  acid)  beit^  due 
to  the  presence  of  an  angular  methyl  group  alongside  the  carbonyl.  > 

Lastly,  we  investigated  the  hydrogenation  and  reduction  of  the  unsaturated  bicyclic  sulfones  (VII),  (XX),  and 
(XXI)  described  in  our  preceding  report  [5],  in  order  to  learn  the  effect  of  the  reaction  conditions  upon  the  produc-  ' 
tion  of  stereoisomers. 
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Reduction  of  die  cusulfone  (VII),  first  with  zinc  in  acetic  acid  and  then  with  hydrogen  and  a  Pd  catalyst, 
yielded  the  trans  sulfone  (VI).  Inasmuch  as  hydrogenation  with  palladium  did  not  change  the  configuration,  the  iso¬ 
merization  apparently  occurred  at  die  instant  the  sulfone  (VII)  was  reduced  with  zinc  in  aceuc  acid: 


Zn  *  CHgCOOH^^ 


li  so, 


ri  so, 

(VI) 


Reduction  of  the  trans  sulfone  (XX)  by  zinc  in  acetic  acid  or  by  hydrogen  with  palladium  likewise  yielded 
as  the  principal  product  the  saturated  trans  sulfone  (VI),  from  which  the  unsaturated  sulfone  (XX)  is  secured  by  bro- 
mination  and  splitting  off  hydrogen  bromide: 


Paiial  hydrogenation  of  the  sulfone  (XXI)  with  palladium  yields  the  unsaturated  sulfone  (XXII),  which  under¬ 
goes  the  tram  addition  of  hydrogen  when  further  hydrogenated  with  a  Pd  catalyst,  yielding  the  saturated  trans  sulfone 
(VI).  The  same  results  were  obtained  when  the  sulfone  (XXI)  was  gradually  reduced  by  zinc  in  acetic  acid: 


Ht,  Pd 


Zn  CH/:OOH 


CH, 


•CH, 


(VI) 


A  similar  trans  addition  of  hydrogen  has  been  observed  in  the  catalytic  hydrogenation  of  A*’^-octalone  £8]. 

Thus,  in  none  of  the  transformations  described  above  have  we  been  able  to  secure  the  fourth,  and  last,  cis 
stBioisomer  of  the  dioxide  of  2-methylhexahydro-l-thiochroman-4-one  (XXIII). 


When  we  hydrogenated  the  diene  condensation  product  (VII)  and  the  sulfones  (XX)  and  (XXI)  under  various 
conditions,  not  only  did  we  fail  to  obtain  the  c^ sulfone  (XXIII).  but  we  also  failed  to  get  its  trans  tom  (V).  The 
steric  anangement  of  the  methyl  group  in  the  sulfones  (VI)  and  (VII  I)  is  evidently  the  more  stable  form. 


EXPERIMENTAL 

Hythogenation  of  die  sulfone  (VII)  in  a  neutral  medium.  0.6  gram  of  the  sulfone  (VII)  (m.p.  176-n7*)  [5] 
was  hydrogenated  with  a  Pd  catalyst  *  in  a  dioxane  solution.  63  ml  of  hydrogen  was  absorbed  in  2  hours,  after  which 
the  mixture  was  heated  to  50*  for  3  hours,  another  74  ml  of  hydrogen  being  absorbed.  Thus,  a  total  of  137  ml  of 

Palladium  oxide  on  calcium  carbonate  was  employed  in  every  test. 
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hydrogen  at  .18*  and  745  mm  was  absorbed  (two  molecules).  The  catalyst  was  filtered  out  and  the  dioxane 
.driven  off,  the  residue  crystallizing.  Triple  recrystallizatJon  from  a  benzene -petroleum  ether  and  then  from  gaso¬ 
line  yielded  colorless  needles  of  the  cissulfone  (VIII),  readily  soluble  in  alcohol,  water,  acetone,  and  benzene,  with 
an  m.p.  of  98*.  ‘ 

4.412  mg  substance;  8,995  mg  CO,;  2.895  mg  H,0;  1.945  mg  SC^.  Found  %  C  55.64;  H  7.34;  S  14.71.  ‘ 

CijHiPjS.  Calculated  C  55.53;  H  7.46;  S  14.83, 

Isomerization  of  the  cis  sulfone  (VIII)  to  the  trans  sulfone  (VI).  a)  0.1  gram  of  the  cissulfone  (Vni)  (m.p. 
98*)  was  dissolved  in  0.5  ml  of  methanol  contaimng  0.1*^^  sodium  and  then  boiled  for  two  hours.  As  the  solution 
cooled,  crystals  settled  out;  theu  m.p.  was  157.5-158*  after  a  single  recrysiallization  from  alcohol,  and  their 
mixed  melting  point  with  the  trans  sulfone  (VI)  produced  by  oxidizing  2^iiethylhexahydro-l-thiochroman-4-one  (IV) 
[4]  exhibited  no  depression. 

b)  0.1  gram  of  the  ^sulfone  (VIII)  (m.p.  98*)  was  dissolved  in  3  ml  of  9&^o  ethyl  alcohol,  and  two  drops  of 
strong  hydrochloiic  acid  were  added  to  the  solution.  Three  days  later  the  crystals  that  had  settled  out  were  recrys- 
tallized  from  alcohol;  their  m.p,  was  357-158“,  and  their  mixed  melting  point  with  the  trans  sulfone  (VI)  was  also 
157-158*. 

Hydrogenation  of  the  sulfone  (VII)  in  an  acid  medium.  1  g:am  of  the  sulfone  (VII)  was  hydrogenated  in  20 
ml  of  acetic  acid  by  platinum  oxide,  with  two  drops  of  strong  hydroctiloac  acid  added  to  the  solution.  During  2 
hours  240  ml  of  hydrogen  at  18“  and  750  mm  (two  molecules)  were  absorbed,  after  which  the  rate  of  hydrogenation 
dropped  sharply.  Driving  off  the  solvent  m  vacuo  yielded  a  mixture  of  crystals  wilt-  ar  m.p.  of  110-120*.  Frac¬ 
tional  crystallization  of  this  mixture  from  alcohol  yielded  three  substances; 

a)  The  unsaturated  cissulfone  (XI)  with  an  m.p.  of  130.5*  (from  alcohol);  the  substance  exhibited  a  leacuon 
for  an  unsaturated  bond  with  permanganate. 

5.210  mg  substance:  10.647  mg  CO,;  3.022  mg  H,0;  2,270  mg  SO4.  4.919  mg  substance;  10.052  mg  CO,; 

2.820  mg  H,0;  2.180  mg  SO4.  Found  %:  C  55.77,  55.77;  H  6.49,  6.41;  S  14.55,  14.80.  CioHi40,S. 

Calculated  C  56.05;  H  6.58;  S  14.96. 

b)  Ch  sulfone  (XII)  -  lustrous  needles,  m.p.  140-140,5“  (from  an  acetone-ether  mixture);  the  permanganate 
test  for  a  double  bond  was  negative. 

4.325  mg  substance:  8.745  mg  CO,;  3.245  mg  H,0;  1.885  mg  SO4.  5.230  mg  substance:  10.570  mg  CO,; 

3.966  mg  H,0;  2.325  mg  SO4.  Found  %:  C  55.18,  55.15;  H  8.39,  8.48;  S  14.55,  14,84.  CioHnOjS. 

Calculated  C  55.01;  H  8.31;  S  14.69. 

c)  Saturated  trans  sulfone  (VI)  with  an  m.p.  of  158°,  exhibiting  no  depression  when  mixed  with  a  sample 
produced  by  oxidizing  tians-2-methyrhexahydro-l-thiochroman-4-one  (IV)  with  permanganate  [4]. 

Hydrogenating  the  sulfone  (XI).  0.15  gram  of  the  sulfone  (XI)  with  an  m.p.  of  130“,  was  iiydrogenated 
with  a  Pd  catalyst  in  a  dioxane  solution.  17  ml  of  hydrogen  at  20®  and  751  mm  (one  molecule)  was  absorbed. 
Driving  off  the  dioxane  yielded  the  c^ sulfone  (VIII)  with  an  m..p.  of  98“,  whose  mixed  melting  point  with  the 
sample  described  above  exhibited  no  depression. 

Oxidizing  the  sulfone  (XII)  with  chromic  anhydride.  A  solution  of  0.04  g  of  chromic  anhydride  m  glacial 
acetic  acid  was  added  to  a  solution  of  0.118  g  of  the  sulfone  (XII)  in  5  ml  of  glacial  acetic  acid.  Two  days  later, 

5  drops  o|  alcohol  was  added  to  reduce  the  excess  chromic  anhydride,  and  the  solvent  was  driven  off.  Etner  and 
benzene  were  added,  and  the  mineral  jxecipitate  was  filtered  out  of  me  solution.  Fleecy  needles  (about  100  mg) 
with  an  m.p.  of  98-98.5"  were  formed  on  the  walls  of  the  flask  when  the  solvent  was  evaporated.  Their  mixed 
melting  point  with  the  sulfone  (VIII)  exhibited  no  depression. 

Partial  hydrogenation  of  the  sulfone  (VII)  with  a  Pd  catalyst  in  a  neutral  medium.  100  mg  of  the  sulfone 
(VII)  (m.p.  177*)  was  hydrogenated  with  a  Pd  catalyst  in  6  mi  of  dioxane,  12.5  ml  of  hydrogen  at  19®  and  754  mm 
(one  molecule)  being  absorbed  in  15  minutes.  Driving  off  the  solvent  yielded  about  50  mg  of  the  original  sulfone 
(mixed  melting  point  showed  no  depression).  Then  hydrogenation  was  contmued,  another  10  mi  of  Hydrogen  being 
absorbed.  Driving  off  the  solvent  yielded  the  hydrogenation  end  product,  with  an  m.p.  of  98‘,  the  mixed  melting 
point  with  the  sulfone  (VIII)  exhibited  no  depression.  Repeating  the  experiment  with  the  same  quantities  of  the 
original  product  yielded  the  same  results. 
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Reducing  the  sulfone  (VII)  with  zinc  in  aceuc  acid.  1  gram  of  the  sulfone  (VII)  (m.p.  177*)  and  10  ml  of 
glacial  acetic  acid  were  boiled  for  two  hours  with  1  g  of  zinc  dust.  After  the  mixture  had  cooled,  the  zinc  was 
filtered  out,  and  hydrogen  sulfide  was  passed  through  the  solution.  The  precipitate  was  filtered  out,  and  the  acetic 
acid  driven  off  in  vacuo;  this  yielded  200  mg  of  crystals  with  an  m.p.  of  173-174*,  whose  mixed  melting  point 
with  the  original  sulfone  exhibited  no  depression.  The  residue  consisted  of  0.7  g  of  an  oil,  which  was  thoroughly 
hydrogenated  with  a  Pd  catalyst  in  dioxane.  It  absorbed  120  ml  of  hydrogen  at  19*  and  752  mm  (one  and  a  half 
molecules).  Driving  off  the  dioxane  yielded  0.25  g  of  the  trans  sulfone  (VI)  with  an  m.p.  of  156-157*  (from  al¬ 
cohol),  whose  mixed  melting  point  with  a  known  sample  [4]  exhibited  no  depression.  We  were  unable  to  investi¬ 
gate  the  remaining  oil  (370  mg). 

Hydrogenating  the  sulfone  (XXI).  1.62  grams  of  the  sulfone  (XXI)  (m.p.  87*)  [5]  was  hydrogenated  with  a 
Pd  catalyst  in  an  alcohol-acetone  mixture.  In  5  hours  187.4  ml  of  hydrogen  at  20.5*  and  745  mm  (one  molecule) 
was  absorbed.  The  solvent  was  driven  off  and  ether  was  added,  yielding  600  mg  of  crystals  with  an  m.  p.  of  80-82*. 
Triple  recrysullization  from  ether  yielded  the  sulf  one  (XXII)  with  an  m.p.  of  85-85.5*. 

4.920  mg  substance;  10.090  mg  COji;  2.875  mg  HjO:  2.160  mg  SQ4.  Found  C  55.96;  H  6.64;  S  14.65. 

Cj,HiPjS.  Calculated  C  56.05;  H  6.58;  S  14.96. 

The  subsunce  exhibited  a  double-bond  reaction  with  permanganate.  Its  mixed  melting  point  with  the  orig¬ 
inal  sulfone  (XXI)  was  71-78*.  The  residual  oil  yielded  individual  crystals  of  a  higher^elting  unsaturated  substance. 

Reducing  the  sulfone  (XXI)  with  zinc  dust,  a)  0.5  gram  of  the  sulfone  (XXI)  (m.p.  87*),  6  ml  of  glacial 
acetic  acid,  and  0.7  g  of  zinc  dust  were  refluxed  for  three  hours.  The  precipitate  was  filtered  out  and  the  solvent 
driven  off,  yielding  crystals  with  an  m.p.  of  84-85*  (from  ether),  whose  mixed  melting  point  with  the  sulfone  (XXH) 
described  above  exhibited  no  dei^ession. 

b)  0.4  gram  of  the  sulfone  (XXI)  (m.p.  87*)  was  refluxed  for  1.5  hours  with  1.2  g  of  zinc  dust,  activated 
by  hot  dilute  hydrochloric  acid,  and  5  ml  of  acetic  acid.  Driving  off  the  solvent  yielded  crystals  of  the  trans  sul- 
fone  (VI)  with  an  m.p.  of  156-157®  (from  alcohol).  Their  mixed  melting  point  with  a  known  sample  exhibited 
no  depression. 

Hydrogenating  the  sulfone  (XXII).  0.3  gram  of  the  sulfone  (XXII)  (m.p.  85*)  was  hydrogenated  with  a  Pd  cat¬ 
alyst  in  6  ml  of  an  alcohol-ether  mixture;  48  ml  of  hydrogen  at  19*  and  752  mm  (one  molecule)  was  absorbed.  The 
resultant  crystals  had  an  m.p.  of  156-157*  after  double  recrystallization  horn  alcohol.  Their  mixed  melting  point 
with  the  trans  sulfone  (VI)  described  above  was  157-158*. 

Reducing  the  sulfone  (XX).  a)  0.2  g  of  the  sulfone  (XX)  (m.p.  118*)  [5]  was  hydrogenated  with  a  Pd  caulyst 
in  a  dioxane  solution,  24.8  ml  of  hydrogen  at  23*  and  747  mm  (one  molecule)  being  absorbed  within  1  hour.  Driv¬ 
ing  off  die  dioxane  yielded  crysuls  with  an  m.p.  of  153-154*.  Recrystallization  from  alcohol  yielded  the  trans  sul¬ 
fone  (VI),  with  an  m.p.  of  157*.  Its  mixed  melting  point  with  a  known  sample  was  156-157*. 

b)  0.6  gram  of  the  sulfone  (XX)  (m.p.  118*),  5  ml  of  acetic  acid,  and  0.6  g  of  zinc  dust  were  refluxed  for 
2  hours.  The  solvent  was  driven  off,  yielding  0.2  g  of  crystals  of  the  trans  sulfone  (VI)  with  an  m.p.  of  157-158* 

(horn  alcohol),  whose  mixed  melting  point  with  a  known  sample  exhibited  no  depression.  The  residue,  a  gradually 
crystallizing  oil,  was  not  investigated. 

Reducing  the  sulfone  (XV)  with  zinc  dust.  0.22  gram  of  the  sulfone  (XV)  (m.p.  100-102*)  [5],  0.29  g  of 
zinc  dust,  and  2.2  ml  of  acetic  acid  were  refluxed  for  1  hour.  After  the  mixture  had  cooled,  the  zinc  was  filtered  out, 
and  the  acetic  acid  driven  off  in  vacuo,  the  residue  being  recrystallized  from  alcohoL  This  yielded  0.05  g  of  crys¬ 
tals  of  the  sulfone  (XVI)  with  an  m.p.  of  127-128*,  whose  mixed  melting  point  with  a  known  sample,  produced  by 
diene  synthesis  [5],  exhibited  no  deixession. 

Hydrogenating  the  sulfone  (XV).  a)  0.15  gram  of  the  sulfone  (XV)  (m.p.  101-102*)  [5]  was  dissolved  in  6  ml 
of  dioxane  and  hydrogenated  with  a  Pd  catalyst,  16.7  ml  of  hydrogen  at  20*  and  742  mm  (one  molecule)  being  ab¬ 
sorbed  within  half  an  hour.  The  catalyst  was  filtered  out  and  the  dioxane  driven  off,  whereupon  the  residue  crystal¬ 
lized.  Recrystallization  from  alcohol  yielded  the  sulfone  (XVII)  with  an  m.p.  of  194*.  Its  mixed  melting  point 
with  a  known  sample,  produced  by  diene  synthesis  [5],  was  194-195*. 

b)  0.68  g  of  the  sulfone  (XV)  (m.p.  101-102*)  was  dissolved  in  10  ml  of  dioxane  and  hydrogenated  with  a  Pd 
caulyst  at  80*,  145.8  ml  of  hydrogen  at  20*  and  753  mm  (two  molecules)  being  absorbed.  The  dioxane  was  driven 
off  and  the  residue  recrystallized  three  times  from  an  alcohol-ether  mixture.  This  yielded  the  saturated  sulfone 
(XIX)  as  needles  with  an  m.p.  of  140.5-141.5* 
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5.830  mg  subs.*.  12.254  mg  CCy,  4.020  mg  2.405  mg  SO^.  Found  C  57.36;  H  7.71;  S  13.77. 

CyHi^jS.  Calculated  %  C  57.37;  H  7.88;  S  13.92. 

Hydrogenating  the  sulfone  (XVI).  0.45  g  of  the  sulfone  (XVI)  (m.p.  126-127*)  was  hydrogenated  with  a  Pd 
catalyst  in  10  ml  of  alcohol,  50  ml  of  hydrogen  at  22*  and  749  mm  (one  molecule)  being  absorbed  within  1  hour. 
Driving  off  the  solvent,  followed  by  double  recrystallization  from  alcohol,  yielded  the  sulfone  (XVm),  with  a  m.p. 
of  142-142.5*. 

3.770  mg  subs.;  7.742  mg  COj;  2.615  mg  1^0;  1.560  mg  SO4.  Found  C  57.35  H  7.94;  S  13.91. 

C11H1P3S.  Calculated  C  57.37;  H  7.88;  S  13.92. 

The  mixed  melting  point  of  the  sulfone  (XVIII)  and  its  isomeric  sulfone  (XIX)  was  107-118*. 

The  epimeric  cis  sulfones  (XVni)  and  (XIX)  are  not  isomerized  to  the  respective  trans  sulfones  at  all, 
whethei  by  boiling  with  sodium  methoxide  in  methanol  or  by  the  action  of  strong  hydrochloric  acid  on  their  alco¬ 
holic  solutions  at  room  temperature.  Both  of  these  sulfones  were  recovered  completely  unchanged. 

SUMMARY 

1.  Stereoisomerism  in  several  hydiogenated  thiochromanone  derivatives  and  the  respective  sulfones  has 
been  investigated  for  the  first  time. 

2.  The  previously  synthesized  trans  sulfones  (V)  and  (VI)  have  been  supplemented  by  the  cis  sulfone  (VIII), 
synthesized  by  a  diene  condensation,  which  is  readily  isomerized  to  the  trans  isome:  (VI)  by  sodium  methoxide  or 
hydrochloric  acid. 

3.  The  epimeric  cis  sulfones  (XVI)  and  (XVII)  have  been  synthesized  by  the  partial  hydrogenation  of  the 
sulfone  (XV)  under  different  conditions;  further  hydrogenation  of  these  sulfones  yielding  the  respective  saturated 
CIS  sulfones  (XVIII)  and  (XIX).  The  latter  cannot  be  isomerized  to  trans  compounds  because  of  the  presence  of  an 
angular  methyl  group  alongside  the  carbonyl. 

4.  The  hydrogenation  of  the  unsaturated  sulfones  (VII),  (XX),  (XXI),  and  (XXII),  has  been  invesugated  under 
various  conditions. 

5.  It  has  been  shown  that  the  sulfone  (VII)  is  hydrogenated  in  an  acid  medium  along  two  independent  Imes, 
yielding  a  mixture  of  the  sulfones  (VI),  (XI),  and  (XII). 

6.  When  the  sulfones  (XV)  are  partially  hydrogenated  with  a  Pd  catalyst  in  dioxane,  the  double  bond  con¬ 
jugated  with  the  carbonyl  group  is  the  first  to  be  reduced. 

7.  When  the  double  bond  between  the  rings  is  reduced  in  the  sulfone  (XXII),  trans  addition  of  hydrogen 
takes  place. 
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THE  CHEMISTRY  OF  THE  OILS  OF  FRESH-WATER  FISH 


m.  THE  COMPOSITION  OF  THE  OIL  IN  THE  TISSUES  OF  PERCA  SHRENKI  KESSL. 


M.  N.  Chech enkin 


Climaie,,  rl:e  living  conditions  of  organisms,  the  nature  of  their  food,  and  other  factors  affect  the  chemical 
composition  of  animal  and  vegetable  fats,  Pigulevsky  [1],  and  after  him  Ivanov  [2],  long  ago  established  the  rela¬ 
tionship  between  climate  and  the  unsamiaiion  of  linseed  oil.  The  more  severe  the  climatic  conditions  in  which  the 
plant  grew,  the  higher  the  unsaiuiation  of  th.e  oil.  Terroine  [3]  extended  these  conclusions  to  animal  fats.  The  in¬ 
fluence  of  different  living  conditions  of  orgarisms  apcn  the  chemical  composiuon  of  their  fats  has  been  noted  by 
Jolson  [4],  Ellis  [5],  Brown  [6],  Kizevetter  [7],  Goldovsky  [8],  and  Hiiditch  [9]. 

At  the  same  time,  however,  it  is  known  that  the  chemical  composition  o:  me  fats  is  more  or  less  constant 
for  related  groups  of  plant  and  animal  organisms. 

The  present  research  was  carried  out  to  ascertain  the  effect  of  external  c:onditions  upon  a  change  in  the 
chemical  com.position  of  the  oils  of  fresh-water  fish,  with  special  emphasis  upon  changes  in  their  acid  composition, 

Theie  IS  only  one  other  species  of  the  perch  family  native  to  the  USSR,  the  Lake  Balkash  perch  Percj 
sch/enki  Kessl,  besides  the  river  perch,  Perea  fluyiatilis  L.  [10],  samples  of  which  were  taken  from  the  Pskov-Chuda 
reservoir.  The  range  of  temperatures  prevailing  at  the  Pskov-Chuda  fresh- water  reset voL  is  extremely  wide.  Lake 
Balkhash,  a  partially  salt  lake,  the  mean  temperature  of  whose  water  in  July  is  +24.0®,  its  maximum  temperature  be¬ 
ing  +27.7®,  with  the  temperature  difference  between  the  bottom  and  surface  water  never  exceeding  3.5®,  is  not  com¬ 
pletely  frozen  over  every  winter  [11].  It  is  obvious  that  the  geographical,  physicochemical,  and  other  conditions  of 
life  are  rhus  quite  different  for  these  two  species  of  fish,  which  are  very  closely  related  genetically. 

The  iesulcs  of  our  comparative  investigations  of  the  oils  in  the  tissues  of  ^rcajc'kenkj^and  ^xa  fluviatilis 
proved  to  be  highly  interesting.  To  begin  with,  the  composiuon  of  the  tissue  fats  of  the  Balkhash  perch  exhibits  a 
lesser  degree  of  unsaturauon  of  the  highly  unsaturated  acids.  A  very  typical  feature  of  the  tissue  oils  of  the  perch, 
as  of  all  fish  in  general  — the  presence  of  highly  unsaturated  (clupanodonic)  acids,  with  four  and  five  double  bonds  — 
also  holds  true  for  the  tissues  of  the  Balkhash  perch.  But  in  contrast  to  the  oil  of  ^xa  fluviatilis,  in  which  the  most 
characteristic  acid  is  clupanodonic  acid,  C2JHS4O2;  with  five  double  bonds,  the  typical  acid  in  the  tissue  oils  of  Perea 
schrenki  is  terapinic  acid  (formerly  called  clupanodonic  acid)  CigH2j02,  with  four  double  bonds.  The  highest  content 
of  terapinic  acid  is  found  in  the  roe  (up  10  157o),  with  the  lowest  figure  found  in  the  oil  of  the  viscera  (up  to  9^). 
Clupanodonic  acid  is  found  only  in  the  oil  of  the  liver  of  Perea  schrenki  -  Clupanodonic  acid  is  not  typical  of  the  oils 
in  all  the  other  tissues  of  Perea  schrenki,  its  place  being  taken  by  a  less  highly  unsaturated  acid; terapinic  acid. 

Of  the  other  highly  unsaturated  acids,  arachidonic  acid,  CjOH^tOj,  with  four  double  bonds,  has  been  found  in 
the  oils  of  Perea  schrenki  tissues  (no  less  than  5^o). 

The  bulk  of  the  oils  in  all  the  tissues  of  Perea  schrenki  consists  of  oleic  acid,  constituting  as  much  as  50<5t  of 
the  total  acid  mixture  —  tnus  resembling  the  acid  structure  of  Perea  fluviatUis.  In  ti.eir  percentages  of  saturated 
acids  and  unsaponifiable  fats,  the  tissues  of  Perea  schrenki  resemble  the  oils  of  the  corresponding  tissues  of  Perea 
fluviatilis. 

Analysis  of  the  oils  in  the  Balkhash  perch  indicates  that  the  highly  unsaturated  acids  are  the  most  highly  mo¬ 
bile  material  in  the  oils  of  fresh-water  fish.  The  external  factors  operate  chiefly  to  alter  the  degree  of  unsaturation 
of  these  acids.  The  diminution  of  the  unsaturation  of  the  highly  unsaturated  acids  in  the  oils  of  Perea  schrenki  must 
be  attributed  principally  to  the  higher  prevailing  temperature  in  Lake  Balkhash.  The  Michiirln  doctrine  of  the  in¬ 
fluence  of  the  medium  upon  the  various  structural  features  of  the  living  organism  aiso  applies  to  me  chemical  com¬ 
position  of  the  oils  in  the  different  tissues  of  fresh-water  fish. 
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Contrary  to  the  findings  of  O.B.Maximov  [12],  no  liquid  bromides  are  produced  by  the  repeated  bromination 
and  debromination  of  tne  bromides  in  Fraction  I,  which  are  derivatives  of  highly  unsaturated  acids.  Repeated  brom¬ 
ination  and  debromination  always  yields  approximately  equal  quantities  of  two  types  of  bromides:  1)  bromides  that 
are  insoluble  in  diethyl  ethep,  and  2)  bromides  that  are  soluble  in  diethyl  ethei  under  the  prevailing  bromination 
conditions  (mother^iquor  bromides).  The  latter,  which  are  pasty  at  first,  turn  out  to  be  solids  —  derivatives  of  high¬ 
ly  unsaturated  acids  -  after  extraction  from  the  solution  and  drying  in  vacuo,  though  their  bromine  content  is  dim¬ 
inished,  to  be  sure. 

The  separation  of  the  ether-insoluble  bromides  of  Fraction  I  into  insoluble  and  soluble  bromides  by  means  of 
repeated  bromination  and  debromination  must  be  attributed  to  the  fact  that  repeated  alternating  bromination  and  de¬ 
bromination  results  in  the  formation  of  soluble  bromides  with  a  lower  percentage  of  bromine.  O.B.Maximov  gives  a 
survey  of  numerous  conflicting  findings  on  the  nature  of  the  mother-liquor  bromides  secured  by  the  repeated  brom¬ 
ination  and  debromination  of  the  bromides  of  highly  unsaturated  acids,  together  with  varying  interpretations  of  this 
phenomena  [12]. 

Research  on  the  bromides  m  various  hractioas  and  on  the  products  of  their  debromination  give  no  indication 
that  the  ordinary  unsatuiated  acids,  linoleic  and  linolenic  acids,  are  present  m  the  tissues  of  either  Perea  schrenki 
or  Perea  fluviatilis  [10]- 


EXPERIMENTAL 

The  oils  were  extracted  &om  the  fish  tissues,  their  constants  were  determined,  the  oils  were  saponified,  the 
free  acids  were  isolated,  the  acid  mixtures  were  brominated.  and  the  bromides  were  separated  into  a  total  of  eight 
fractions  for  all  the  tissues  of  Perea  schrenki  exactly  as  described  in  oar  jMrevious  report  [10].  The  important  Frac¬ 
tion  VI  of  (liquid)  bromides  was  secured  from  a  separate  batch  of  oil  by  first  separating  out  the  unsaponiflable  solid 
acids,  hydroxy  acids,  and  the  like,  as  described  in  [10].  The  constants  of  the  oils  of  the  carcass,  the  head,  the  vis¬ 
cera,  the  roe,  and  the  liver  (m  January)  are  given  in  Table  1. 


TABLE  1 

Constants  of  the  Oils  in  the  Tissues  of  Perea  schrenki 


TUsue 

lib  Oil 

Acid 

No. 

Saponi¬ 

fication 

No. 

Iodine 

No. 

Percentages  ] 

1 

Poly- 
brom¬ 
ides  ,‘7b 

Unsapon- 

ifiables, 

Ash. 

mm 

Iodine  No. 

Carcass 

8.02 

13.29 

185.90 

131.0 

16.62 

5.50 

21.66 

3.45 

- 

0,9332 

Head 

18.15 

13.81 

184.69 

127.18 

15.16 

5.11 

17.93 

4.67 

0.11 

0.9306 

Viscera 

46.0 

18.1 

192.08 

120.50 

17.43 

8.05 

16.80 

1.44 

0.05 

0.9350 

Liver 

12.8 

- 

- 

136.67 

19.2 

- 

21.0 

5.20 

- 

- 

Roe 

23.02 

14.29 

120.27 

138.64 

10.60 

37.30 

17.06 

29.49 

0.40 

0.9032 

Composition  of  the  Oil  in  the  Carcass  of  Perea  schrenki 

When  the  bromides  of  Fractions  I,  II,  in,  and  V  were  heated,  the  color  gradually  changed  to  a  pure  black, 
but  without  any  sign  of  melting.  The  bromides  turned  completely  black  at  200”,  remaining  unchanged  when  heated 
to  240*  and  above.  The  bromides  of  Fractions  1  and  II  darkened  evenly,  the  darkening  of  the  bromides  in  Fraction 
in  being  uneven.  This  was  evidence  that  the  bromides  in  Fractions  I  and  U  were  homogeneous,  while  those  in  Frac¬ 
tion  III  were  nonhomogeneous.  AU  the  fractions  of  solid  bromides.  Including  those  soluble  in  diethyl  ether  under 
the  conditions  of  bromination  (Fraction  V),  were  derivatives  of  highly  unsaturated  acids.  It  should  be  noted  that  ev¬ 
erything  that  is  said  about  the  melting  points  of  the  solid  bromides  derived  from  the  acids  in  the  carcass  oil  applies 
to  the  melting  of  the  respective  bromides  from  the  acids  in  the  oils  of  all  the  other  tissues. 

The  presence  of  bromine  was  always  determined  by  the  Carius  method;  the  analysis  results  are  given  in 
Table  2.  The  per  cent  yield  of  the  bromides  was  based  on  the  acid  mixture  used  for  bromination. 

Fraction  IV  of  the  bromides  was  not  collected  because  of  the  negligible  quantity  yielded  by  this  tissue  as 
well  as  by  all  the  other  tissues. 
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TABLE  2 


We  see  in  Table  2  1)  the  percentage  of  bromine  in  Fraction  I 

of  the  biomides  does  noi  correspond  to  the  decabromide  of  clupanodonic 
acid-,  2)  the  bromides  of  all  the  benzene  fractions,  I,  II,  and  HI,  as  well  as 
the  bromides  of  Fraction  V,  soluble  in  diethyl  ether  under  the  bromination 
conditions,  ate  derivatives  of  highly  unsaturated  acids  that  are  characteris¬ 
tic  of  the  oils  in  all  the  tissues  of  Perea  schrenki,  as  in  all  fish  oils;  3)  the 
liquid  bromides  of  Fraction  VI  dissolve  an  especially  large  quantity  of  sol¬ 
id  bromides,  which  explains  the  higher  percentage  of  bromine;  4)  the 
bromides  of  Fraction  VII  are  derivatives  of  oleic  acid;  Fraction  vn  is  the 
same  as  Fraction  VI,  bur  more  highly  refined. 

Pebromination  of  Fraction  I  bromides.  7.73  g  of  the  bromides,  6  g 
of  zinc  dust,  and  25  ml  of  anhydrous  pyridine  were  refluxed  in  a  current  of 
COj  on  a  65-70*  water  bath  for  6  hours,  using  a  stirrer.  The  acid  was  ex¬ 
tracted  with  ether,  the  ether  extract  being  treated  with  10<^  HCl  to  remove 
the  pyridine,  washed  with  water  until  the  reaction  for  the  Cl  ion  was  neg- 
Tne  ether  was  driven  off  and  the  acid  dried  in  a  10-15  mm  vacuum  on  a  water 
bath  at  50-65*.  The  acid  yield  was  2.07  g  (88.8^o  of  the  tneoretical,  based  on  terapinic  acid,  Ci|H{gOs). 

The  iodine  number  of  the  acid  was  deteimined  by  the  Hubl  method,  as  was  our  practice  throughout,  the  iod¬ 
ine  number  being  found  to  be  357,40,  357.80.  This  iodine  number  could  be  taken  as  that  of  clupanodonic  acid, 

if  not  for  the  lowered  percentage  of  bromine  in  the  prospective  bromides;  in  debrominating  the  Fraction  I 
bromides  in  various  tissues  of  ^rca  fluviatilis  [10]  with  a  bromine  content  of  70. 21-70. 33‘;{»,  we  obtamed  an  acid 
that  we  took  to  be  clupanodonic  acid,  which  had  approximately  the  same  iodine  number. 

The  molecular  weight  of  the  acids  was  always  determined  by  titrating  a  weighed  sample  of  the  acid  dis¬ 
solved  in  50  ml  of  a  neutralized  1:1  mixture  of  absolute  ether  and  benzaldehyde  alcohol  with  a  0.1  N  alcoholic 
solution  of  KOH  and  0.5  ml  of  a  V’jo  solution  of  thymolphthalein. 

Found;  M  347.58,  346.91. 

The  experimental  molecular  weight  is  higher  than  the  value  calculated  theoretically  for  terapinic  acid 
(276.22)  or  for  clupanodonic  acid  (330.27).  The  carboxyl  group  is  apparently  somewhat  esterified. 

Bromination  of  the  debrominatlon  product.  0.88  g  of  the  acid  was  brominated  in  70  ml  of  anhydrous  ether 
under  the  usual  conditions.  The  precipitate  was  suction-filtered,  washed  with  ether  until  all  the  excess  bromine  had 
been  removed,  and  dried  m  a  vacuum  desiccator  over  Na2S04.  This  constituted  the  insoluble  (solid)  bromides  (120^ 
yield).  The  ether  filtrate  was  processed  with  a  solution  of  NajSjO^.  washed  with  water,  and  dried  with  anhydrous 
NaiSO^;  driving  off  the  solvent  yielded  the  mother-liquor  bromides  as  a  pasty  mass,  which  was  dried  in  a  vacuum 
desiccator  over  anhydrous  NajSO^.  The  mother Tiquor  bromides  foamed  as  the  air  was  drawn  out,  the  foam  rapidly 
solidifying,  solid  white  bromides  being  produced.  These  constituted  the  soluble  (mother-liquor)  bromides  {124P]o 
yield).  The  soluble  (mother-liquor)  bromider  were  recovered  from  all  the  solid  bromide  frac  tions  and  from  all  the 
tissues  by  this  procedkire.  Henceforth,  these  bromides  will  be  called  soluble  instead  of  "liquid"  throughout,  the 
first  group  of  bromides  being  called  insoluble  instead  of  "solid".  About  the  same  quantity  was  obtained  from  all 
the  tissues.  Eibner's  assertion  [13]  that  the  debrominatlon  product  of  the  Fraction  I  bromides  aie  quantitatively  con¬ 
verted  into  the  decabromide  by  bromination  is  not  borne  out  by  oul'  imdings;  the  original  product  consututes  only 
bOPjo,  the  other  bOPjo  consisting  of  bromides  with  a  lower  percentage  of  bromine. 

The  insoluble  bromides  do  not  melt  when  heated,  but  they  do  turn  black.  The  soluble  (mother-liquor)  bro¬ 
mides  have  sharp  melting  points,  though  it  is  extremely  difficult  to  detect  the  ooset  oi  fusion.  In  all  cases,  the 
melting  point  has  been  taken  as  the  appearance  of  minute  drxtplets  with  silvery  reflections,  barely  perceptible  with 
a  magnifying  glass.  In  the  present  instance  the  m.p.  of  the  bromides  was  60-61®. 

Per  cent  bromine  in  the  insoluble  bromides.  Found:  69.11,  69.51.  Ci4H2s02Br;.  Calculared  fo;  Br  69.83. 

Per  cent  bromine  in  the  soluble  bromides;  66.10,  65.96. 

Debrominatlon  of  the  Fraction  III  bromides.  We  took  2.62  g  of  the  bromides,  5  g  of  zinc  dust,  and  9  ml  of 
pyridine.  The  acid  yield  was  0.78  g  (92.85‘5X>  of  the  theoretical,  based  on  arachidonic  acid,  CjoH^Oj).  All  of  this 
acid  was  brominated,  yielding:  1)  0.85  g  (109.0®j5))of  insoluble  (solid)  bromides;  and  2)  0.92  g  (118.0*5^)  of  soluble 
(mother^iquor)  bromides. 


Per  Cent  Bromine  in  Bromides 
Obtained  from  the  Acids  in  the  Oil 
of  the  Carcass  of  Perea  schrenki 


Bromide 

fraction 

<7o  Yield 
of  bromides 

Bromine 

I 

21.66 

69.48,  69.73 

II 

2.10 

68.72,  68.43 

in 

8.80 

67.66,  67.51 

V 

2.63 

67.60,  67.73 

VI 

98.92 

50.11,  50.11 

vn 

7.84 

36,68,  36.41 

vm 

4.39 

42.22,  42.00 

ative,  and  dried  with  anhydrous  NajS04. 
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The  insoluble  bromides  did  not  melt;  the  soluble  bromides  melted  at  50°. 

Per  cent  bromine  in  the  insoluble  bromides;  Found  69.44,  69.21,  The  per  cent  bromine  is  higher  than  that 
in  the  original  Fraction  III  bromides. 

Per  cent  bromine  in  the  soluble  bromides;  Found  65.32,  65.53. 

Debromination  of  Fraction  VI.  We  took  9  g  of  the  bromides,  6  g  of  zinc  dust,  and  27  ml  of  pyridine.  The 
yield  was  3.65  g  of  acid,  which  was  saponified  with  20  ml  of  0.5  N  alcoholic  KOH,  the  potassium  salts  being  treated 
with  15  ml  of  petroleum  ether  and  then  decomposed  with  7  ml  of  5  N  H2SO4.  This  yielded  3.19  g  of  acid. 

Found:  iodine  number  12&.00,  128.56;  M  301.89,  300.40. 

Bromination  of  the  product  of  debrominating  Fraction  VI.  1  82  g  of  the  acid  was  dissolved  in  30  ml  of  petroleum 
ether,  the  turbidity  was  filtered  out,  and  the  filtrate  was  brominated  in  the  usual  manner.  The  bromide  precipitate 
was  suction-filtered,  washed  with  petroleum  ether,  and  dried  in  a  vacuum  desiccator  over  anhydrous  Na2S04.  The 
yield  of  insoluble  solid  bromides  touled  0.65  g  (35.72“Jlj,  based  on  the  acid).  The  filtrate  was  treated  with  a  Na2S203 
solution,  washed  with  water,  and  dried  over  anhydrous  Na2S04,  the  petroleum  ether  being  driven  off  on  a  water  bath; 
the  remaining  liquid  bromides  were  dried  in  vacuo  at  10-15  mm  and  50-55*.  The  liquid  bromides  were  a  beautiful 
light-brown;  the  yield  was  2.50  g  (137.3%,  based  on  the  acid). 

Per  cent  bromine  in  the  solid  bromides;  Found  56.86,  56.64. 

Per  cent  bromine  in  the  liquid  bromides;  Found  45.10,  45.39. 

Oleic  acid  from  the  Fraction  VTI  bromides.  The  per  cent  bromine  in  the  Fraction  VII  bromides  (36.55%)  is 
very  close  to  the  per  cent  bromine  in  the  dibromide  of  oleic  acid  (36.18%).  We  took  2.1  g  of  the  bromides,  3.5  g  of 
zinc  dust,  and  8  ml  of  pyridine.  We  obtamed  0.48  g  of  acid  (35.82%,  based  on  oleic  acid).  The  acid  was  not  sap¬ 
onified,  but  was  brominated  in  15  ml  of  petroleum  ether.  The  bromine  yield  was  as  follows;  1)  solid  0.05  g  (20.4%); 
2)  liquid  0.75  g  (156.2%). 

Per  cent  bromine  in  the  liquid  bromides:  Found  36.20,  36.25.  CuH340tBr|.  Calculated  %:  Br  36.18. 

It  IS  obvious  that  the  Fraction  VII  bromides  were  derivatives  of  oleic  acid.  The  Fraction  VI  bromides  were 
likewise  derivatives  of  oleic  acid,  for  Fraction  VII  was  the  same  as  Fraction  VI,  merely  better  refined. 

Composition  of  the  Head  Oil  of  Perea  schrenki 

The  physicochemical  constants  of  the  head  oil  are  given  in  Table  1;  the  pet  cent  bromine  in  the  bromides 
of  the  oil  acids  is  given  m  Table  3. 

As  we  see  in  Table  3,  the  Fraction  VI  and  VII  bromides  contain  an 
unusually  high  proportion  of  bromides  of  the  benzene  fractions. 

Terapinic  acid  from  the  Fraction  I  bromides.  6.82  g  of  bromides, 

5  g  of  zinc  dust,  and  25  ml  of  pyridine.  The  acid  yield  was  1.90  g  (92.70%, 
based  on  terapinic  acid,  Ci|H2g02)’  Determination  of  the  molecular  weight 
yielded  values  that  were  too  high;  280.90;  381.60. 

Found  iodine  number:  321.62,  321.09. 

Bromination  of  terapinic  acid  obtained  from  Fraction  I.  0.9  g  of  the 
acid  was  dissolved  in  30  ml  of  ether  and  then  brominated.  The  bromide 
yield  was  as  follows:  1)  insoluble  1.0  g  (111.1%);  2)  soluble  1.2  g  (133.3%). 

Per  cent  of  bromine  in  the  insoluble  bromides:  Found  69. 55^  69.37. 
CuH|«02Br|.  Calculated  %:  Br  69.83. 

Per  cent  bromine  in  the  soluble  bromides:  Found  68,28,  68.00. 

Oleic  acid  from  the  Fraction  VI  bromides.  We  took  12  g  of  the  bromides,  8  g  of  zinc  dust,  and  36  ml  of  pyr¬ 
idine.  The  acid  yield  was  4.2  g  (54.90%,  based  on  oleic  acid).  The  debromination  product  was  saponified  before 
analysis  as  described  above;  the  yield  was  3.6  g  (47.0%). 

Found:  iodine  nunober  116.10,  116.42,  M  308.60,  307.70. 

Bromination  of  the  oleic  acid  secured  from  Fraction  VI.  0.91  g  of  the  acid  was  dissolved  in  20  ml  of  petro¬ 
leum  edier;  the  bromination,  isolation  of  the  bromides,  and  their  preparation  for  analysis  were  all  as  described  above. 
The  bromide  yield  was  as  follows:  1)  solid  0.12  g  (13.18%);  2)  liquid  1.13  g  (124.2%,  based  on  the  acid). 


TABLE  3 


Per  Cent  Bromine  in  Bromides 
Obtained  from  the  Acids  in  the 
Head  Oil  of  Petca  Schrenki 


Bromide 

fraction 

%  Yield 
of  bromides 

%  Bromine 

I 

17.93 

69.28, 

69.39 

U 

2.23 

68.00, 

68.29 

m 

13.28 

67.03, 

67.47 

V 

1.80 

66.01, 

66.49 

VI 

132.0 

52.21, 

51.96 

VII 

9.34 

45.09, 

45.35 
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TABLE  4 


Per  cent  bromine  in  the  solid  bromid  es:  Found  53.25. 


Per  Cent  Bromine  in  Bromides  Per  cent  bromine  in  the  liquid  bromides:  Found  46.00,  46.15. 

Obtained  from  the  Acids  in  the 

Oil  of  the  Viscera  of  Perea  schrenki  Composition  of  the  Oil  in  the  Viscera  of  Perea  schrenki 


Bromide 

fraction 

%  Yield 
of  bromides 

Bromine 

I 

16.80 

69.43,  69.22 

II 

4.34 

67.76,  67,85 

m 

7.07 

67.50,  67.67 

V 

2.18 

68.78,  68.60 

VI 

97.2 

43.79,  43.32 

VII 

3.40 

40.80,  40.90 

vm 

1.6 

48.09,  48.09 

TABLE  5 


The  constants  of  the  viscera  oil  are  given  in  Table  1;  the  pet  cent 
bromine  in  the  bromides  of  all  the  fractions  of  the  oil  acids  is  given  in 
Table  4. 

In  Table  5  we  cite  for  the  sake  of  comparison  the  pet  cent  bromine 
in  the  bromides  obtained  from  the  acids  in  the  fat  of  the  viscera  of  Perea 
fluviatilis. 

Terapinic  acid  from  the  Fraction  I  bromides.  We  took  6.20  g  of  the 
bromides,  5  g  of  zinc  dust,  and  20  ml  of  pyridine.  The  reaction  lasted  6 
hours,  the  acid  yield  totaling  1.59  g  (85.03»^t  of  the  theoretical,  based  on 
terapinic  acid,  CuHjgOj). 


Per  Cent  Brom  ine  in  Bromides  Ob¬ 
tained  from  the  Acids  in  the  Oil  of 
the  Viscera  of  Perea  fluviatilis 


Bromide 

fraction 

Bromine 

I 

70.46,  70.47 

II 

68.09,  68.37 

m 

66.08,  65.70 

V 

67.88,  67.93 

VI 

41.75,  41.66 

VII 

43.70,  44.11 

vm 

57.31,  57.54 

Found-,  iodine  number  352.4,  352.6. 

Bromination  of  the  teiapinic  acid  obtained  from  Fraction  I.  We  took 
1.16  g  of  the  acid  in  50  ml  of  diethyl  ether.  The  bromide  yield  was  as 
follows;  1)  insoluble  1.81  g  (156.0^);  2)  soluble  1.80  g  (155.2^).  The 
soluble  bromides  had  a  m.p.  of  59-60®. 

Per  cent  of  bromine  in  the  insoluble  bromides:  Found  69.36,  69.43. 

Calculated  <^:  Br  69.83. 

Per  cent  bromine  in  the  soluble  bromides:  Found  67.53,  67.20. 

Redebromination  of  the  insoluble  bromides.  We  took  1.50  g  of  the 
bromides,  3  g  of  zinc  dust  and  9  ml  of  pyridine.  The  acid  yield  was  0.40 
g  (88.8°|b,  based  on  terapinic  acid).  0.33  g  of  this  acid  was  brominated  in 
15  ml  of  diethyl  ether.  The  bromide  yield  was  as  follows:  1)  insoluble 
0.45  g  (136.37»^fe>:  2)  soluble  0.47  g  (142.42^). 


Per  cent  bromine  in  the  insoluble  bromides:  Found  69.30,  69.19.  CjjHj^Btg.  Calculated  Br  69.83. 


Per  cent  bromine  in  the  soluble  biomidesj  Found  66.66,  66.90. 


Arachidonic  acid  fiom  the  Fraction  II  bromides.  1.50  g  of  the  bromides,  3  g  of  zinc  dust,  and  9  ml  of  pyri¬ 
dine.  The  acid  yield  was  0.36  g  (Jlb.QPjo,  based  on  arachidonic  acid,  CjoHggOj,  me  octabromide  of  which  contains 
bl.l&jo  bromine).  The  acid  was  brominated  in  25  ml  of  diethyl  ether.  The  bromine  yield  was  as  follows:  1)  insol¬ 
uble  0.37  g  (102.8'55));  2)  soluble  0.40  g  (111.1«1J)).  The  m.p.  of  the  soluble  bromides  was  56-57®. 


Pet  cent  bromine  in  the  insoluble  bromides;  Found  68.00,  67.52. 
Per  cent  bromine  in  the  soluble  bromides;  63,87,  63.70. 


Arachidonic  acid  from  the  Fraction  IE  bromides.  We  took  2.90  g  of  the  bromides,  5  g  of  zinc  dust,  and  12 
ml  of  pyridine.  The  acid  yield  was  0.88  g  (93.62‘7o  of  the  theoretical,  based  on  arachidonic  acid,  C2oH3202.) 

The  acid  was  brominated  in  40  ml  of  diethyl  ether.  The  bromide  yield  was  as  follows:  1)  insoluble  1.03  g 
(113.04015,);  2)  soluble  1.40  g  {159.1%. 

The  m.p.  of  the  soluble  bromides  was  49-50®. 

Per  cent  bromine  in  the  insoluble  bromides;  Found  69.14,  69.30.  The  high  bromine  percentage  cannot  be 
reconciled  widi  the  other  findings,  though  an  experimental  error  is  out  of  the  question  since  twe  more  analyses 
yielded  the  same  results. 

Per  cent  bromine  in  the  soluble  bromides:  Found  65,21,  65.02. 

Oleic  acid  from  the  Fraction  VI  liquid  bromides.  We  took  4  g  of  the  bromides,  6  g  of  zinc  dust,  and  15  ml 
of  pyridine.  The  reaction  lasted  6  hours.  The  acid  yield  was  2.03  g  (79.61*^5,,  based  on  the  oleic  acid,  CigH3402). 
The  debromination  product  was  not  saponified,  nor  was  the  molecular  weight  determined:  rebromination  and  de- 
bromination  were  undertaken. 
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Found:  iodine  number  118.56,  118.00. 

Bromination  of  the  debromination  p^'oduct.  We  took  .1.6gof  the  acid  and  40  ml  of  petroleum  ether.  The 
bromide  yield  was  as  follows;  1)  solid,  insoluble  in  petroleum  ether,  0.45  g  (28.13<7o);  2)  liquid,  soluble  in  petro¬ 
leum  ether,  2.41  g  (150.62^). 

Per  cent  bromine  in  solid  bromides;  Found  56.77,  56.43. 

Though  the  per  cent  bromine  is  nor  high  m  this  case,  there  is  no  reason  to  regard  these  bromides  as  deriva¬ 
tives  of  linoleic  and  Irnolenic  acids;  in  view  of  their  fusion  behavior  and  their  behavior  toward  solvents,  they  are 
more  likely  to  be  derivatives  of  highly  unsatarated  acids. 

Per  cent  bromine  in  the  liquid  bromiaes;  Found  42.20,  42.12. 

Redebromlnation  of  the  liquid  bromides  obtained  by  brominating  the  crude  oleic  acid  seemed  from  the 
Fraction  VI  bromides.  1.40  g  of  the  bromides,  3  g  of  zinc  dust,  and  9  ml  of  pyridine.  The  acid  yield  was  0.70  g 
(78.65<5fc,  based  on  ole.ic  acid).  The  resultant  acid  was  bromlnated  in  20  ml  of  petroleum  ether.  No  solid  bromides 
were  collected  because  of  their  minute  quantity.  The  yield  of  liquid  bromides  totaled  0.9  g  (128.0^,  based  on 
oleic  acid). 

Per  cent  bromine  in  the  liquid  bromides;  Found  37.21,  36.90.  CijHj4PjBrj.  Calculated  Br  36.18, 

It  may  ±erefore  be  regamed  as  proven  Aat  the  Fraction  VI  bromides  are  derivatives  of  oleic  acid.  The 
origmal  bromine  percentage  in  this  Fraction  VI  is  excessively  high  because  of  the  presence  in  the  solution  of  solid 
bromides  of  highly  unsaturated  acids,  which  are  more  or  less  completely  crystallized  out  of  the  liquid  bromides  only 
after  successive  bromination  and  debronfinatipn.The  more  slowly  the  drops  of  bromine  are  added  to  the  solution  of 
the  acid  in  petroleum  ether,  the  more  com.pletely  the  solid  bromides  crystallize  out  of  the  liquid  bromides. 

Composition  of  the  Oil  in  the  Liver  of  Perea  schrenki 

The  coastants  of  this  oil  are  given  in  Table  1.  All  the  benzene  fractions  of  the  bromides  obtained  from  the 
acids  in  the  o.l  of  the  livei  are  derivatives  of  highly  unsaturated  acids.  The  per  cent  bromine  in  the  bromides  ob- 
uined  from  the  acids  in  the  oil  is  given  in  Table  6. 

Table  6  indicates  that  the  per  cent  bromine  in  the  Fraction  I  and  II  brom¬ 
ides  is  equivalent  to  clupanodonyl  decabromide,  C22H34P2Brig.  Thus  the 
liver  of  the  Balkhash  perch  is  the  only  tissue  whose  oil  contains  clupano- 
donic  acid  as  typical  of  the  highly  unsaturated  acids.  Terapinic  acid  is 
most  typical  of  the  highly  unsaturated  acids  in  the  oils  of  all  the  other 
tissues  of  the  Balkhash  perch.  The  per  cent  bromine  in  the  Fraction  I 
mides  of  the  acids  in  the  liver  oil  of  the  Balkhash  perch  indicates  that  it 
has  the  most  highly  unsaturated  acids  of  all  the  tissue  of  Perea  schrenki 
that  we  have  analyzed,  whereas  a  different  picture  is  obtained  in  the  case 
of  the  river  perch  [10]:  the  Fraction  I  bromides  of  the  acids  in  the  liver 
oil  of  Perea  fluviatilis  contain  a  low»  percentage  of  bromine  than  the 
same  fraction  of  all  the  other  tissues  of  that  species. 

Composition  of  the  Oil  in  the  Roe  of  Perea  schrenki 

The  consunts  of  the  roe  oil  are  given  in  Table  1;  the  per  cent 
bromine  in  the  bromides  of  the  acids  in  the  oil  of  the  roe  of  the  Balkhash 
perch  is  given  in  Table  7. 

Terapinic  acid  from  the  Fraction  I  bromides.  We  took  3.5  g  of  the 
bromides,  7  g  of  zinc  dust,  and  15  ml  of  pyridine.  The  acid  yield  was 
0.97  g  (91.51<;^,  based  on  terapinic  acid).  The  acid  was  bromlnated  in 
40  ml  of  ether.  The  bromide  yield  was  as  follows:  1)  insoluble  1.39  g 
(143.38^);  2)  soluble  1.22  g  (125.77<5i»).  The  m.p.  of  the  soluble  bromides 
was  94-95®. 

Per  cent  bromine  in  the  insoluble  bromides:  Found  69.70,  69.57. 
Ci|H|^Bi|.  Calculated  <^:  Br  69.83. 

Per  cent  bromine  in  the  soluble  bromides;  Found  67.29,  67.24. 


TABLE  6 


Per  cent  Bromine  in  Bromides 
Obtained  from  the  Acids  in  the 
Oil  of  the  Liver  of  Perea  schrenki 


Bromide 

fraction 

<?b  Yield 
of  bromides 

Bromine 

I 

21.0 

70.65,  70.46 

II 

2.3 

70.55,  70.30 

m 

7,50 

66.40,  66.26 

VI 

92.0 

41.00,  41.11 

TABLE  7 


Per  Cent  Bromine  in  the  Bromides 
Obuined  from  ±e  Acids  in  the  Oil 
of  the  Roe  of  Perea  schrenki 


Bromide 

fraction 

Yield 

of  bromides 

8^  Bromine 

I 

17.06 

69.56,  69.51 

II 

3.27 

68.89,  68.65 

m 

8.26 

67.07,  67.21 

V 

2.10 

67.70,  67.58 

VI 

102.2 

40.26,  40.10 
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Redebromination.  We  took  1.13  g  of  the  bromides,  3  g  of  zinc  dust,  and  8  ml  of  pyridine.  The  acid  yield 
was  0.31  g  (91.18%  of  the  theoretical,  based  on  terapinic  acid).  The  acid  was  brominated  in  20  ml  of  ether.  The 
bromide  yield  was  as  follows:  1)  insoluble  0.35  g  (112.90%);  2)  soluble  0.43  g  (138.7%).  The  m.p.  of  the  soluble 
bromides  was  89-90*. 

Per  cent  bromine  in  the  insoluble  bromides;  Found  68.36,  68.52. 

The  per  cent  bromine  was  one  whole  per  cent  lower  than  in  the  mitial  bromides  of  the  first  debromination 
and  bromination  of  that  Fraction  1.  It  should  be  noted  that  the  polybromides  of  the  acids  of  the  roe  oil  and  the  roe 
oil  acids  themselves  are  particularly  unstable,  compared  to  the  bromides  and  acids  of  the  oils  in  other  tissues  of  the 
fish. 

Per  cent  bromine  in  the  soluble  bromides:  Found  36.30,  66.34.  The  per  cent  bromine  in  the  soluble  brom¬ 
ides  is  likewise  lower  than  in  the  soluble  bromides  of  the  initial  bromination  of  the  debromination  product. 

Arachidonic  acid  from  the  Fraction  in  bromides.  1.70  g  of  the  bromides,  3  g  of  zinc  dust,  and  9  ml  of  pyr¬ 
idine.  The  acid  yield  was  0.48  g  (87.27%  of  the  theoretical,  based  on  arachidonic  acid).  The  acid  was  brominated 
in  20  ml  of  ether.  The  b.omide  y^eld  was  as  follows:  1)  insoluble  0.47  g  (88.7%);  2)  soluble  0.84  g  (158.3%).  The 
m.p.  of  the  soluble  bromides  was  90- 91". 

Per  cent  bromine  m  the  insoluble  bromides:  Found  68.21,  68.17. 

We  see  that  the  per  cent  bromine  is  higher  than  that  in  the  Fraction  III  bromides  prior  to  debromination. 

Per  cent  bromine  in  the  soluble  bromides:  Found  64.52,  64.44. 

Oleic  acid  from  the  Fraction  VI  bromides.  We  took  3  g  of  the  bromides,  7  g  o!  zinc  dust,  and  10  ml  of  pyr¬ 
idine.  The  acid  yield  was  1.50  g  (78.54%,  based  on  oleic  acid).  The  debromination  product  was  not  saponified. 

Found;  iodine  number  103.30,  102,25. 

Bromination  of  the  crude  oleic  acid.  1.20  g  of  the  acid  was  dissolved 
in  30  ml  of  petroleum  ether;  after  the  turbidity  bad  been  filtered  out,  the 
solution  brominated  in  the  usual  manner.  The  bromide  yield  wasas  follows: 

1)  solid  0.19  g  (15.83%);  2)  liquid  1,83  g  (152.52%). 

Per  cent  bromine  in  the  solid  bromides;  Found  56.90,  56.80. 

Per  cent  bromine  in  the  liquid  bromides:  Found  38.60,  38.35. 

Acid  Composition  of  the  Oil  of  the  Roe  of  Perea 
flu  viatilis 

We  seized  an  opportunity  to  recover  material  on  the  acid  composition 
of  the  oil  of  the  roe  of  the  river  perch  Perea  fluyiatilis  L.  The  accumulation 
of  the  material  (oil),  the  preparation  of  the  bromides,  and  all  the  other  pro¬ 
cessing  were  effected  under  the  conditions  described. 

The  per  cent  bromine  in  the  bromides  obtained  from  the  acids  of  the  roe  oil  of  the  river  perch  is  given  in 
Table  8. 

Clupanodonic  acid  from  the  Fraction  I  bromides.  We  took  9.32  g  of  the  bromides,  8  g  of  zinc  dust^  and  40 
ml  of  pyridine,  the  reaction  lasting  8  hours.  The  acid  yield  was  2.77  g  (84.0%  of  the  theoretical,  based  on  clupano¬ 
donic  acid). 

Found.*  iodine  number  367.80,  368.90;  M  379.25. 

Bromination  of  the  crude  clupanodonic  acid.  1.20  g  of  the  acid  was  dissolved  in  50  ml  of  ether  and  brom¬ 
inated  in  the  usual  manner.  The  bromide  yield  was  as  follows;  1)  insoluble  1.95  g  (l62.-5%);  2)  soluble  1.82  g 
(141.67%).  The  m.p.  of  the  soluble  bromides  was  61-62°. 

Per  cent  bromine  in  the  insoluble  bromides:  Found  70.68,  70.50.  C22H340jBri()..  Calculated  %;  Br  70.75. 

It  is  quite  apparent  that  clupanodonic  acid  is  present. 

Per  cent  bromine  in  the  soluble  bromides:  Found  67.60,  67.48. 


TABLE  8 


Per  Cent  Bromine  in  the  Bromides 
Obtained  from  the  Acids  in  the  Oil 
of  the  Roe  of  Perea  fluviatilis 


Bromine 

Number 

%  Yield 
of  bromides 

%  Bromine 

I 

20.0 

70.50, 

70.40 

II 

4.86 

69.55^ 

69.41 

in 

10.88 

67.20, 

67.09 

V 

3.33 

66.02, 

66.19 

VI 

92.70 

39.25, 

38.90 

vm 

3.33 

51.29, 

51.17 
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Terapinic  acid  from  the  Fraction  II  bromides.  1.75  g  of  the  bromides,  5  g  of  zinc  dust,  and  10  ml  of  pyri¬ 
dine.  The  acid  yield  was  0.48  g  (94.14<5b,  based  on  terapinic  acid).  The  acid  was  dissolved  in  20  ml  of  ether  and 
brominated,  the  bromide  yield  being  as  follows:  1)  insoluble  0.60  g  (125. 0<^);  2)  soluble  0.80  g  (IBB.G^^o).  The  m.p. 
of  the  soluble  bromides  was  54-55*. 

Per  cent  bromine  in  the  msoluble  bromides:  Found  69.23,  69.30.  Calculated  Br  69.83. 

Per  cent  bromine  in  the  soluble  bromides;  Found  65.61,  65.75 

Arachidonic  acid  from  the  Fraction  III  bromides.  We  took  5.40  g  of  the  bromides,  9  g  of  zinc  dust,  and  20 
ml  of  pyridine.  The  yield  totaled  1.65  g  (94.82^,  based  on  arachidonic  acid). 

Found:  iodine  number  334.21,  334.30. 

Bromlnation  of  the  crude  arachidonic  acid.  We  took  0.70  g  of  the  acid  and  dissolved  it  in  20  ml  of  diethyl 
ether.  The  bromide  yield  was  as  follows;  1)  insoluble  0.82  g  (117. 14^^);  2)  soluble  1.15  g  (164.3^).  The  m.p.  of 
the  soluble  bromides  was  51-52*. 

Per  cent  bromine  in  the  insoluble  bromides.-  Found  67.21,  67.10.  CjoHgjOjBrg.  Calculated  <%:  Br  67.75. 

Per  cent  bromine  in  the  soluble  bromides:  Found  65.51,  65.66. 

Oleic  acid  from  the  Fraction  VI  bromides.  We  took  15.83  g  of  the  bromides,  15  g  of  zinc  dust,  and  50  ml  of 
pyridine.  The  reaction  lasted  8  hours.  The  acid  yield  was  8.0  g  (79.20<5S)  of  the  theoretical,  based  on  oleic  acid). 
The  entire  debromination  product  was  saponified  with  100  ml  of  a  0.5  N  alcoholic  solution  of  KOH  in  the  usual 
manner.  The  acid  yield  after  saponification  was  7.37  g. 

Found.*  iodine  number  96.21,  96.12. 

Bromlnation  of  the  crude  oleic  acid.  6.50  g  of  the  acid  was  dissolved  in  65  ml  of  petroleum  ether,  the  solu¬ 
tion  was  filtered,  and  the  filtrate  brominated.  The  bromide  yield  was  as  follows:  1)  solid  1.20  g  (18.46<7o);  2)  liquid 
7.24  g  (111.4<5b). 

Per  cent  bromine  in  the  solid  bromides:  Found  61.49,  61.30. 

Per  cent  bromine  in  the  liquid  bromides:  Found  37.08,  37.12. 

Oleic  acid  from  the  redebromination  of  the  Fraction  VI  liquid  bromides.  We  took  6.60  g  of  the  bromides, 

10  g  of  zinc  dust,  and  20  ml  of  pyridine.  The  yield  of  oleic  acid  was  3.30  g  (37.20<yo  of  the  theoretical). 

Found:  iodine  number  90.01,  90.30. 

Rebromination  of  the  oleic  acid.  1.65  g  of  the  acid  was  dissolved  in  20  ml  of  petroleum  ether  and  bromin¬ 
ated  in  the  usual  manner.  The  bromide  yield  consisted  of  2.21  g  of  liquid  bromides  (133.93*^).  No  solid  bromides 
were  collected  because  of  their  minute  quantity. 

Per  cent  bromine  in  the  liquid  bromides:  Found  36.21,  36.30.  CigHs402Brg.  Calculated  %•.  Br  36.18. 

These  findings  are  further  incontrovertible  proof  of  the  previous  conclusion  that  the  Fraction  VI  bromides  are 
derivatives  of  oleic  acid. 


SUMMARY 

1.  The  oils  in  all  the  tested  parts  of  the  carcass  and  tissues  of  the  Balkhash  perch  Perea  schrenki  contain 
highly  unsaturated  acids  with  four  or  five  double  bonds,  which  is  a  characteristic  of  the  oil  of  Perea  schrenki,  as  of 
all  fish  oils. 

2.  The  acid  composition  of  the  oil  of  the  carcass,  the  head,  the  viscera,  and  the  roe  is  almost  identical, 
while  the  acid  composition  of  the  liver  oil  exhibits  a  higher  degree  of  unsaturation  of  its  highly  unsaturated  acids. 

3.  The  most  typical  of  the  highly  unsaturated  acids  of  the  oil  in  all  the  tissues,  with  the  exception  of  the 
liver,  is  terapinic  acid  with  four  double  bonds,  CuHggOg  (up  to  IB'yt).  The  tissue  oils  of  Perea  schrenki  conuin  a 
smaller  percentage  of  another  acid  of  the  same  series:  arachidonic  acid,  CggHjgOg  (up  to  ffijo). 

4.  Clupadonic  acid  CtgHigOg,  with  five  double  bonds,  (up  to  15<7o)  is  the  typical  highly  unsaturated  acid  of 
the  liver  oil  of  Perea  schrenki;  in  this  respect  the  acid  composition  of  the  liver  oil  of  Pwca  schrenki  closely  resem¬ 
bles  the  acid  composition  of  the  oil  in  all  the  tissues  of  Perea  fluviatilis. 
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5.  The  highest  percentage  of  the  acids  comprising  the  oil  of  Perea  schrenki  is  constituted  by  oleic  acid. 

'  6.  The  lower  degree  of  unsaturation  of  the  highly  unsaturated  acids  in  the  oils  in  all  the  tissues  of  ^rca 

schrenki,  with  the  sole  exception  of  the  liver,  than  exists  in  the  highly  unsaturated  acids  of  the  oils  in  the  corres¬ 
ponding  tissues  of  Perea  fluviatills  is  due  to  the  influence  of  the  external  living  conditions  of  the  fish  upon  the  con¬ 
stitution  of  its  oils. 

7.  The  most  active  constituents  of  the  oils  of  fresh-water  fish  are  the  highly  unsaturated  acids,  which  are 
transformed  in  accordance  with  the  changes  in  the  conditions  governing  their  formation  more  rapidly  than  any 
other  constituent  of  the  oil.  The  most  stable  of  the  unsaturated  acids  is  oleic  acid. 

8.  The  usual  unsaturated  acids,  linoleic  and  linolenic  acids,  are  not  present  in  the  oils  of  any  of  the  tested 
tissues  and  parts  of  Perea  schrenki. 

9.  No  liquid  bromides  are  produced  during  the  rebromination  of  the  crude  acids  produced  from  the  benzene 
fractions  of  bromides,  thoi^h  approximately  equal  parts  of  bromides  soluble  in  diethyl  ether  and  insoluble  bromides 
are  always  produced. 

10.  The  less  bromLne  there  is  present  in  the  bromide  molecule,  the  harder  it  is  to  split  off  the  bromine  with 
zinc  in  a  pyridine  solution  and  the  lower  the  acid  yield. 

11.  The  (liquid)  Fraction  VI  bromides  dissolve  a  certain  amount  of  the  solid  bromides  of  the  benzene  frac¬ 
tions,  which  explains  their  initial  excessively  high  bromine  content.  The  solid  bromides  crystallize  out  of  the 
liquid  bromides  completely  during  repeated  alternating  debromination  and  bromination,  yielding  the  pure  dibromide 
as  a  derivative  of  oleic  acid. 
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THE  ELECTROLYTIC  REDUCTION  OF  LEPIDINES 


I.  THE  ELECTROLYTIC  REDUCTION  OF  LEPIDINE  IN  AN  ACID  MEDIUM 

V . V . Le vche nko  and  A.A.Zats 


We  know  [1]  that  reducing  lepidine  chemically  by  boiling  it  with  hydrochloric  acid  and  tin  in  an  acid  med¬ 
ium  yields  tetrahydrolepidine,  while  reducing  lepidine  in  an  alkaline  medium  [2]  (reacting  it  with  sodium  amalgam 
containing  10%  sodium)  yields  a  yellowish  oil  as  a  product,  which  when  boiled  with  dilute  nitric  acid  yields  a  led 
crystalline  substance,  C2oHigNj'HNOs,  called  dilepidine  nitrate. 

No  one  has  yet  reduced  lepidine  electrolytically.  We  undeitook  the  present  research  to  determine  the  feas¬ 
ibility  of  reducing  lepidine  electrolytically,  as  compared  with  quinoline  [3]  and  quinaldine  [4], 

When  we  reduced  lepidine  electrolytically  in  an  acid  medium,  we  not  only  identified  tetrahydrolepidine, 
which  is  also  produced  by  the  chemical  reduction  of  lepidine,  but  also  found  a  new  product,  dihydrolepidine,  cor¬ 
responding  to  dihydroquinoline  [3]  and  dihydroquinaldine  [4]. 

The  lepidine  was  reduced  electrolytically  in  sulfuric  acid.  We  investigated  the  influence  of  voltage,  cur¬ 
rent  density,  electrolysis  time,  tempeiature,  and  acid  concentration.  We  found  that  a  new  crystalline  product  with 
a  m.p.  of  279*  is  obtained  under  certain  conditions. 

The  maximum  product  yield  (7.62%  of  the  theoretical)  is  secured  at  a  flowing  mercury  cathode  [6]  at  a  C.D. 
of  38  amps/sq  dm,  electrolysis  time  of  60  minutes,  and  a  temperature  of  +18*.  This  product  does  not  dissolve  in 
alkalies,  while  in  acids  it  dissolves  only  when  heated  in  cone. hydrochloric  acid.  When  the  solution  is  neutralized 
with  alkali,  it  is  precipitated  unchanged.  It  is  sparingly  soluble  in  the  cold  in  chloroform,  benzene,  toluene,  xylene, 
and  glacial  acetic  acid;  when  heated  in  these  solvents,  it  dissolves  freely,  but  is  precipiuted  in  crystalline  form 
when  the  solutions  cool.  Its  crystals  from  toluene  have  the  shape  of  prisms  with  beveled  edges.  The  synthesized 
product  does  not  color  a  solution  of  potassium  dichromate  in  sulfuric  acid,  though  tetrahydrolepidine  does.  Its 
elementary  analysis  indicated  that  its  composition  was  CigH^jN.  Its  molecular  weight,  by  the  Rast  method,  is  288.1. 
This  shows  that  this  product  is  a  dimer  of  dihydrolepidine  (CjoHuNlj.  When  reacted  with  picric  acid,  the  product 
yields  a  picrate  as  acicular  crystals.  Picrate  m.p.  222-223*.  The  elementary  analysis  of  the  picrate  furnished  cor¬ 
roboration  of  the  assumption  that  the  product  is  a  dimer  of  dihydrolepidine. 

When  we  reduced  lepidine  chemically  in  a  hydrochloric  solution  with  tin,  we  did  not  obtain  the  product  we 
secured  in  the  electrolytic  reduction  of  lepidine. 

EXPERIMENTAL 

Electrolytic  reduction  of  lepidine  in  acid.  3  ml  of  lepidine  (3.24  g)  was  dissolved  in  47  ml  of  a  10%  solution 
of  sulfuric  acid.  The  prepared  solution  was  placed  in  the  cathode  chamber  and  served  as  the  catholyte.  Mercury 
was  used  as  the  cathode.  The  anode  chamber  was  a  cylindrical  glass  vessel,  separated  from  the  cathode  chamber  by 
two  sheets  of  cellophane.  A  10%  solution  of  sulfuric  acid  (20  ml)  was  poured  into  the  vessel.  Platinum  was  used  as 
the  anode.  A  layer  of  ether  (20  ml)  was  poured  over  the  surface  of  the  catholyte  to  prevent  foaming  during  electro¬ 
lysis.  After  several  experiments  we  chose  a  C.D.  of  38  amps/sq.dm  at  a  voltage  of  10-11  volts.  Cooling  was  emp¬ 
loyed  to  keep  the  temperature  of  the  electrolyte  from  rising  above  18“  throughout  electrolysis.  Electrolysis  lasted 
60  minutes. 

Isolation  of  the  reaction  product.  Ten  electrolysis  runs  were  made,  32.4  g  of  lepidine  undergoing  electro¬ 
lytic  reduction.  At  the  end  of  one  hour,  the  catholyte,  which  was  a  transparent  orange  solution,  was  poured  into  a 
separatory  funnel  to  remove  tlie  layer  of  ether,  which  was  a  faint  yellow.  All  the  acid  catholytes  of  the  ten  runs 
were  combined  and  diluted  with  water  to  make  1  liter  for  the  wash  waters  of  the  electrolyzer.  The  dark-green  res¬ 
inous  product  deposited  on  the  surface  of  the  mercury  cathode  after  electrolysis  was  carefully  removed  in  every  case 
and  analyzed  separately. 
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Processing  of  the  ether  layer.  The  ether  was  driven  off  on  a  water  bath,  a  yellow  resinous  product  that  con¬ 
tained  a  white  crystalline  deposit  settling  on  the  wall  of  the  flask.  These  products  totaled  1.2  g  (3. 65^55)).  The  res¬ 
inous  substance  was  washed  away  in  the  cold  with  benzene.  The  remaining  crystalline  deposit  was  dis|0lved  in  boil¬ 
ing  benzene.  As  the  benzene  solution  cooled,  a  yellowish  crystalline  deposit  settled  out  (0,3Plo  yield),  which  was 
filtered  out,  dried,  and  recrystallized  from  boiling  benzene.  This  yielded  a  white  crystalline  product  with  a  m.p.of 
279*. 

Processing  the  catholyte.  After  the  catholyte  had  been  diluted  with  water,  it  was  treated  with  alkali  (an 
solution  of  potassium  hydroxide)  until  its  reaction  was  alkaline.  A  milky  emulsion  was  formed,  with  a  small 
quantity  of  a  faintly  green  oily  product  separating  out  on  top.  The  alkaline  solution  was  distilled  with  steam  to  re¬ 
move  the  unchanged  lepidine  and  the  volatile  tetrahydrolepidine.  Distillation  was  continued  until  a  sample  of  the 
distillate  no  longer  colored  a  solution  of  potassium  dichromate  in  sulfuric  acid  red  (test  for  tetrahydrolepidine).  The 
distillate  was  an  oily  product,  which  was  extracted  with  ether.  The  ether  extract  was  dried  over  anhydrous  sodium 
sulfate,  and  the  ether  was  driven  off.  This  yielded  a  yellowish  oil,  consisting  of  unreacted  lepidine  with  some  tet¬ 
rahydrolepidine.  8.1  g  of  this  mixture  (25<7o)  was  obtained.  After  the  steam  distillation,  the  distillation  flask  con¬ 
tained  a  yellow-green  resinous  residue,  which  solidified  into  a  brittle  mass  upon  being  dried.  This  mass  was  pulver¬ 
ized  and  processed  with  ether.  The  ether  dissolved  the  resinous  substance,  the  insoluble  crystalline  residue  being 
filtered  out  and  dried;  it  weighed  0.4  g  (1.22^).  Repeated  recrystallization  from  boiling  toluene  yielded  a  white 
crystalline  product  with  a  m.p.  of  279*. 

Processing  the  product  deposited  on  the  cathode.  After  the  resinous  product  deposited  on  the  cathode  had 
been  dried,  it  weighed  4.5  g  (13.9^).  It  was  treated  with  ethyl  alcohol,  the  insoluble  portion  being  a  faintly  yellow 
crysulline  precipiute.  This  crystalline  product  was  filtered  out  and  dried;  it  weighed  0.7  g  (2.13^).  Repeated  re- 
crystallization  from  boiling  toluene  yielded  white  crystals  with  a  m.p.  of  '279*.  Their  mixed  m.p.  with  the  crystal¬ 
line  products  secured  from  the  ether  and  aqueous  parts  of  the  catholyte  and  from  the  cathode  deposit  exhibited  no 
depression,  and  they  all  proved  to  have  wholly  identical  physical  and  chemical  properties.  The  overall  yield  of 
the  crude  product  totaled  1.2  g  (3.65^). 

2.625  mg  subs.:  7.980  mg  CPj;  1.787  mg  3.027  mg  subs.;  9.189  mg  COj;  2.089  mg  1^0. 

Found  <5fe;  C  82.96.  82.84;  H  7.60,  7.71.  (CioHuN)^.  Calculated  C  82.71;  H  7.64.  5.312  mg  subs.: 

0.459  ml  Nj  (19*.  740  mm).  4.384  mg  subs.;  0.376  ml  Nj  (20*,  743  mm).  Found  N  9.83,  9.77. 

(CioHuN)|.  Calculated  N  9.65,  0,0058  g  subs.:  0.0781  g  '  camphor:  At  10.5*.  0.0029  g  subs.;  0.0639 

g  camphor;  At  6.3*.  Found;  M  282.9,  288.1  (CioHuN)^.  Calculated  M  290.4. 

The  foregoing  indicates  that  the  product  is  a  dimer  of  dihydrolepidine.  This  is  also  indicated  by  the  ana¬ 
lysis  of  the  picrate. 

3.489  mg  subs.:  0.413  ml  (19*.  742.4  mm).  4.370  mg  subs.;  0.512  ml  Nj  (19*.  742.4  mni). 

Found  <?>:  N  13,63,  13.39,  (CioHiiN),-C6Hi(OHXNOi)j.  Calculated  N  13.48. 

The  variation  of  the  product  yield  in  the  reduction  of  lepidine  with  the  manner  (rate)  of  renewiiig  the  mer¬ 
cury  at  a  C.D.  of  38  amps/sq.dm,  an  electrolysis  time  of  60  minutes,  anda  temperature  of  18*  is  given  in  the  fo- 
following  table  (the  average  of  10  experiments  in  each  instance);  .  . 

Cadiode _  Tleld  of  crystalline  product  with  a,pi.P.of  279*  of  the  theoretical). 

Unrenewable  mercury  cathode . .  .  . .  3.65 

Renewable  mercury  cathode  .  .  .  ; .  5.18 

Flowing  mercury  cathode  .  .  1 .  7.62 

SUMMARY 

1.  It  has  been  shown  that  the  electrolytic  reduction  of  lepidine  at  a  mercury  cathode  in  an  acid  medium  re¬ 
sults  in  the  production  of  a  new  crysulline  product,  in  addition  to  the  tetrahydrolepidine  which  is  produced  in 
chemical  methods  of  reduction. 

2.  It  has  been  proved  that  this  product  is  a  dimer  of  dihydrolepidine. 

3.  It  has  been  established  that  the  yield  of  the  dimer  is  a  maximum  at  a  renewable  flowing  mercury  cathode. 
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A  STUDY  OF  THE  SIDE  REACTIONS  IN  THE  CONTACT  SYNTHESIS  OF  DIVINYL  FROM 

ALCOHOL  BY  THE  S.  V.  LEBEDEV  METHOD 

II.  THE  FORMATION  OF  COMPOUNDS  WITH  AN  ODD  NUMBER  OF  CARBON  ATOMS  (Ci  and  Cj) 

Yu.  A.  Gorin  and  N.  A.  Kalinicheva 


Li  our  preceding  paper  [1],  we  discussed  the  formation  of  side  products  in  the  S.  V.  Lebedev  reaction  that 
had  an  even  number  of  carbon  atoms.  The  manner  in  which  compounds  possessing  an  odd  number  of  carbon  atoms 
are  produced  is  of  considerable  inteiest 

S.  V.  Lebedev  [2]  considered  the  principal  reason  for  the  occurrence  of  the  odd-numbered  forms  to  be  the 
decomposition  of  molecules  of  the  even-numbered  series.  He  attributed  the  formation  of  carbon  monoxide  and 
methane  to  the  decomposition  of  acetaldehyde.  Another  source  of  the  origin  of  the  odd-numbered  form^  according 
to  S.  V.  Lebedev,  could  be  formaldehyde,  produced  by  the  reaction  of  carbon  monoxide  with  hydrogen  in  statu 
nascendi,  which  is  present  in  high  concentration  in  the  reaction  sphere.  The  ensuing  addition  of  one  molecule  of 
formaldehyde  to  even-numbered  molecules  could  result  in  formation  of  the  odd-numbered  forms. 

We  shall  not  dwell  on  the  diagrams  advanced  by  S.  V.  Lebedev  for  the  reactions  involved  in  the  formation 
of  odd-numbered  products,  referring  the  reader  to  his  paper  [2].  We  merely  want  to  point  out  that  these  suggestions 
were  of  considerable  importance  for  the  subsequent  research  on  the  manner  in  which  odd-numbered  by-products  are 
formed.  It  should  be  stated  that  the  experimental  underpinning  for  the  way  in  which  all  the  odd-numbered  by¬ 
products  are  formed  has  not  been  fully  laid  down  as  yet,  though  several  actually  corroborated  schemas  can  already 
be  set  forth  for  most  of  them. 

In  the  present  paper  we  shall  confine  ourselves  to  discussing  the  problems  involved  in  compounds  containing 
1  and  3  carbon  atoms.  We  dealt  with  the  formation  of  C5  and  C7  compounds  in  our  previous  papers  [20,  21]. 

Cl  group.  We  demonstrated  the  origin  of  carbon  monoxide  and  methane  in  the  decomposition  of  acetal¬ 
dehyde,  as  conjectured  by  S.  V.  Lebedev,  by  passing  acetaldehyde  over  a  binary  catalyst  [3]  as  well  as  over  its 
separate  components  [4].  The  reaction  gas  was  found  to  contain  as  much  as  G^o  of  carbon  monoxide  and  methane. 
The  formation  of  CO2  may  be  due  either  to  the  production  of  ethyl  acetate,  which  is  then  hydrolyzed,  with  the 
resulting  acetic  acid  breaking  down,  or  to  a  double  oxidation-reduction  of  two  particles  of  acetaldehyde  with  water, 
yielding  acetic  acid,  which  is  decomposed  to  CO2.  This  reaction  will  be  discussed  at  length  below. 

Ca  group.  Propylene  and  acetone,  among  the  substances  in  this  group,  have  been  found  in  the  products  of 
the  S.  V.  Lebedev  reaction.  In  order  to  test  the  manner  in  which  propylene  is  formed  via  aldol  as  conj  ectured  by 
S.  V.  Lebedev,  one  of  the  present  authors  together  with  E.  I.  Silinskaya  in  1935  ran  experiments  on  the  decomposi¬ 
tion  of  aldol  at  450®  over  a  dehydrating  component  of  a  catalyst.  We  found  that  the  gaseous  conversion  products 
contained  high  percentages  of  carbon  monoxide  and  propylene,  while  crotonaldehyde  was  found  in  the  liquid  pro¬ 
ducts.  The  figures  on  the  composition  of  the  gas  in  these  tests  are  given  in  Table  1. 

The  reaction  may  be  represented  as  follows; 

Schema  1 

1.  CH3-CHOH-CH2-CHO  — >■  HjO  +  CH3-CH  =  CH-CHO. 

2.  CH3-CH  =  CH-CHO  - y  CH3-CH  =  CH2  +  CO. 

Thus  the  conjecture  of  S.  V.  Lebedev’s  has  been  confirmed  experimentally. 

We  made  no  attempt  to  secure  experimental  verification  of  the  possibility  of  producing  acetone  from  aldol 
by  splitting  off  carbon  monoxide  and  then  dehydrogenating  the  resultant  isopropyl  alcohol  with  the  dehydrogenating 
component  of  the  catalyst  (or  by  first  dehydrogenating  the  alcohol  group  of  the  aldol  and  then  splitting  off  the  carbon 
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TABLE  1 


monoxide).  This  manner  of  producing  acetone  seems  rather 
unlikely,  however,  for  the  following  reasons:  both  the  temperature 
at  which  carbon  monoxide  is  split  out  of  aldehydes  and  the  temper¬ 
ature  of  the  catalytic  dehydrogenation  of  alcohols  are  much  higher 
than  the  upper  temperature  limit  of  the  stability  of  aldol,  at  which 
water  is  split  out  of  the  aldol  (80-90*).  Thermodynamic  calcula¬ 
tions  by  B.  N.  Dolgov  and  V.  V.  Mazurek  have  shown  that  it  is  un¬ 
likely  that  carbon  monoxide  is  split  out  of  aldol  [5],  We  also  know 
the  readiness  with  which  secondary  alcohols  undergo  catalytic  dehy¬ 
dration:  so  that,  we  think  the  first  stage  must  involve  the  splitting 
out  of  elements  of  water  from  aldol  rather  than  carbon  monoxide, 
and  the  formation  of  crotonaldehyde  rather  than  isopropyl  alcohol. 
.Nonetheless,  we  cannot  abandon  the  formation  of  acetone  via  aldol 
entirely.  The  references  in  the  literature — the  papers  by  Komarew- 
SKV  and  his  coUaborator  [6] — indicate  that  such  reactions  are  possible 
wr.en  a  dehydiogenating  catalyst  is  employed.  These  authors  passed 
piopyl,  butyl  and  other  primary  alcohols  over  chromic  oxide  at  350- 
450‘  and  secu.\ed  the  corresponding  symmetrical  ketones;  they  con¬ 
jectured  that  the  reaction  involved  the  dehydiogenation  of  the  alcohols  to  aldehydes  and  the  latter’s  condensation  to 
aldols,  followed  by  the  splitting  out  of  carbon  monoxide  and  the  formation  of  ketones.  The  same  viewpoint  was  set 
forth  even  earlier  by  V.  N.  Ipatyev  and  N.  A.  Klyukvin  [7].  Still,  it  seems  to  us  tnat  aldol  decomposition  is  not  the 
sole  possible  channel  for  the  formation  of  acetone  in  the  S.  V.  Lebedev  process.  Several  references  in  the  literature 
and  our  own  experimental  findirigs  indicate  that  acetone  can  be  produced  in  another  way. 

Goldschmidt,  Askenasy,  and  Grimm  [8]  sJiowed  that  acetic  acid  and  some  ethyl  alcohol  are  produced  when  a 
mixture  of  acetaldehyde  and  steam  is  passed  ovei  vaiious  catalysts  with  atmospheric  oxygen  excluded.  Ya.  M. 
Slobodin  and  F,  Yu.  Rachinsky  [9]  passed  acetaldehyde  over  alumina  gel  (AljOj),  floridin,  and  a  Cu-Mg  mixture  at 
250-300-400*  and  secured  ethyl  acetate  and  acetic  acid  as  a  reaction  by-product;  the  same  authors  passed  ethyl 
acetate  over  a  S.  V.  Lebedev  catalyst  at  high  temperature  and  found  divinyl  (W.B’Jo  by  volume)  in  the  gaseous 
reaction  products.  These  researches  nave  demonstrated  that  acetic  acid  and  alcohol  can  be  produced  catalytically' 
from  acetaldehyde. 

According  to  Sabatier  and  Mailhe  [10]  and  Ipatyev  [11],  the  catalytic  decomposition  of  ethyl  acetate  at 
high  temperature  over  oxides  of  some  divalent  metals  results  in  the  formation  of  acetone,  carbon  dioxide,  ethylene, 
and  water. 

Ethyl  acetate  is  converted  into  acetone  by  first  saponifying  it  to  alcohol  and  acetic  acid.  Both  Ipatyev 
[11,12]  and  Senderens  [13]  have  found  tliat  when  the  latter  is  decomposed  over  barium,  calcium  and  aluminum 
oxides,  it  readily  undergoes  ketonic  clea  vage  and  is  converted  into  acetone.  As  M.  Ya.  Kagan  has  shown,  acetone 
can  be  produced  from  alcohol  over  catalysts  that  consist  of  mixturesof  ferric  oxide  with  oxides  of  the  alkali-earth 
metals  [14].  It  is  conjectured  that  the  intermediate  reaction  product  is  ethyl  acetate,  which  then  decomposes  to 
yield  acetone. 

It  has  been  previously  established  that  about  OPjo  of  acetone  is  produced  from  ethyl  alcohol  over  the  dehy¬ 
drating  constituent  of  the  S.  V.  Lebedev  catalyst  [4]. 

We  also  know  that  the  products  of  the  catalytic  conversion  of  ethyl  alcohol  to  divinyl  by  the  S.  V.  Lebedev 
process  contain  ethyl  acetate  as  a  leactton  bv  iiroduct  [1], 

The  research  results  described  in  the  experimental  part  of  the  present  paper  indicated  that  acetic  acid  is 
nearly  entuely  decomposed  at  high  temperatures  over  a  S.  V.  Lebedev  catalyst,  being  converted  into  carbon  dioxide 
and  acetone.  Under  these  same  conditions  ethyl  acetate  yields  acetone,  carbon  dioxide,  propylene,  ethylene,  some 
divinyl,  and  water,  in  addition  to  other  products.  In  the  research  we  undertook  in  collaboration  with  D.  S.  Novikova 
[4]  we  found  that  a  small  quantity  of  acetone  is  produced  in  the  decomposition  of  acetaldehyde  over  the  dehydrogena¬ 
ting  constituent  of  the  catalyst.  As  the  experimental  temperature  is  raised  from  300  to  450*,  the  acetone  yield  rises 
from  0.2^  to  l.ffijo.  The  gaseous  reaction  products  still  contain  high  percentages  of  carbon  dioxide,  hydrogen,  carbon 
monoxide,  methane,  plus  a  small  percentage  of  ethylene.  The  yield  of  acetone  over  the  dehydrating  component  of 
the  catalyst  is  lower  than  over  the  dehydrogenating  component.  It  totaled  QA&'h  at  450*,  the  percentage  of  ethylene 
being  nearly  ten  times  higher  than  over  the  dehydrogenating  catalyst,  while  the  hydrogen  yield  is  much  lower. 

Thus,  under  the  specified  conditions  acetaldehyde  yields  compounds  that  greatly  resemble  the  products  of  the 
decomposition  of  ethyl  acetate  and  acetic  acid,  in  addition  to  the  decomposition  products;  carbon  monoxide  and 


Composition  of  the  Gaseous  Producis 
Formed  in  the  Decomposition  of  Aldol 
Over  the  Dehydrating  Component  of  a 
Catalyst  at  450*  (Fractional  Distillation 
Into  a  Tower  of  the  Podbilnyak  Type) 


Constituents  of  the  gas 

Vol.  % 

Carbon  monoxide 

32.6 

Hydrogen 

15.2 

Methane 

3.8 

Ethylene 

16.6 

Propylene 

21.1 

C4  hydrocarbons 

7.4 

Residue 

3.3 
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methane.  It  is  probable  that  in  this  instance  the  acetaldehyde  is  partially  converted  into  alcohol  and  acetic  acid 
by  double  oxidation-reduction.  This  conversion  may  be  a  Cannizzaro  reaction  [15]  or  a  V.  E.  Tishchenko  reaction 
[16],  involving  an  ester  condensation  of  the  aldehyde,  followed  by  saponification  of  the  ester  to  ethyl  alcohol  and  -' 
acetic  acid.  Under  the  prevailing  reaction  conditions  acetic  acid  is  converted  into  acetone  and  carbon  dioxide.  • 
The  ethyl  alcohol  is  decomposed  either  into  ethylene  and  water  or  inw  the  aldehyde  and  hydrogen,  depending  on 
the  catalyst  component  over  which  the  reaction  takes  place.  It  seems  to  us  that  the  experimental  data  justifies 
the  adoption  of  the  following  pattern  of  formation  of  acetone  in  the  S.  V.  Lebedev  process,  paralleling  the  pro¬ 
duction  of  acetone  via  aldoi. 

1 

f  i  Schema  2 

+HOH 

1.  2CH3-COH  +  H,0  CHjCOOH  +  CHjCHjOHCor  2CHjCHO  -►  CHjCCXlCjHj - ►  CH,COOH  +  CH^HjOH) 

2.  2CH,COOH - ^  CHf-CO-CHj  -h  CC^  +  H,0. 

The  decomposition  of  acetic  acid  as  outlined  above  may  explain  the  presence  of  COj  in  the  gases  of  the 
catalytic  conversion  of  alcohol  to  divinyl  [17]. '  Furthermore,  one  of  the  present  authors  and  F.  N.  Kogan  [18] 
have  shown  that  adding  acetone  to  alcohol  during  the  catalytic  conversion  of  the  latter  into  divinyl  increases 
the  percentage  of  propylene  in  the  reaction  gases  as  a  result  of  the  acetone  being  reduced  by  the  ethyl  alcohol 
to  isopropyl  alcohol,  which  gives  off  elements  of  water  under  the  influence  of  the  dehydrating  component  of  the 
catalyst  and  is  converted  intopropylene.  We  have  shown  that  when  ethyl  acetate  is  passed  over  the  S.  V.  Lebedev 
catalyst  at  high  enough  temperatures  a  substantial  quantity  of  propylene  is  p-oduced  in  addition  to  some  acetone 
and  other  products.  Evidently,  under  the  3.  V.  Lebedev  reaction  conditions  the  alcohol  produced  during  saponi¬ 
fication  of  the  ester  converts  the  acetone  into  propylene  as  indicated  above. 

It  seems  that  the  formation  of  propylene  in  the  S.  V.  Lebedev  process  may  be  described  not'only  by  , 
Schema  1  (vide  supra) ,  but  also  by  what  we  consider  to  be  the  more  probable  Schema  3,  which  is  a  development 
of  Schema  2.  •  ,  -  •  , 

Schema  3  ,  ^  .  I  .. 

3.  CHf-CO-CHj  +  2H - ►  CHj-CHOH-CH,.  .  ^  , 

4.  CHf-CHOH-CH,  - ►  H,0  +CH,-CH=CH,.  .  ‘  . 

In  the  present  research,  in  addition  to  studying  the  decomposition  of  acetic  acid  and  ethyl  acetate,  we 
investigated  the  conversion  of  binary  mixtures  of  each  of  these  substances  with  ethyl  alcohol,  using  various  per-  • 
centages  of  the  latter,  over  the  S.  V.  Lebedev  catalyst.  In  the  catalytic  decomposition  of  a  mixture  of  acetic 
acid  and  ethyl  alcohol  (Table  2),  the  percentages  of  carbon  dioxide  and  propylene  increase  with  an  increase  in 
the  percentage  of  acetic  acid  in  the  original  mixture,  while  the  percentages  of  divinyl  and  hydrogen  fall.  The 
per  cent  ethylene  rises  at  first,  reaches  a  maximum,  and  then  drops  off.  The  percentage  of  acetone  in  the  liquid 
reaction  products  increases,  starting  with  the  mixture  containing  lO^o  of  acetic  acid;  the  percentage  of  the  alde¬ 
hyde  in  the  condensate  rises  at  first,  but  then  drops  off.  Ethyl  acetate  was  found  in  the  runs  in  which  an  equi¬ 
molar  mixture  of  alcohol  and  acetic  acid  was  employed.  Thus,  the  ethyl  alcohol  is  partially  esterified  in  the 
reaction  conditions.  The  divinyl  yield,  based  on  the  alcohol  tnroughput  and  on  the  reacted  alcohol,  drops  off  as 
the  percentage  of  acetic  acid  in  the  original  mixture  is  raised  (Table  3),  the  percentage  of  decomposed  alcohol¬ 
falling  at  the  same  time.  The  yield  of  ethylene,  based  on  the  decomposed  alcohol,  rises  with  increasing  concen-. 
tration  of  acetic  acid  in  the  original  mixture.  The  ethylene  yield  remains  practically  unchanged  m  terms  of  the 
alcohol  throughput.  In  the  runs  using  pure  acetic  acid  me  gas  consisted  almost  entirely  of  carbon  dioxide  with  a 
little  unsaturated  hydrocarbons  and  hydrogen.  More  than  half  of  the  condensate  consisted  of  acetone  in  these  runs, 
the  acetone  yield  being  over  TO'jt  of  the  theoretical.  Thus,  acetic  acid  undergoes  ketonic  cleavage  as  outlined  in 
Schema  2  (vide  supra)  over  an  S.  V.  Lebedev  catalyst,  carbon  dioxide  being  evolved.  In  the  conditions  prevailing 
during  these  runs  the  acetic  acid  is  decomposed  almost  completely,  an  indication  of  its  instability,  as  well  as  of 
the  fact  that  its  adsorption  on  the  catalyst  is  higher  than  that  of  ethyl  alcohol.  This  is  probably  why  the  percentage 
of  reacted  alcohol  decreases  as  the  percentage  of  acetic  acid  in  the  original  mixture  is  raised. 

The  increase  in  the  per  cent  ethylene  in  the  gas  and  the  rise  in  its  yield,  based  on  me  reacted  alcohol,  on 
the  one  hand,  and  the  decrease  in  the  production  of  hydrogen  and  the  increase  in  the  per  cent  aldehyde  in  the 
condensate,  on  the  other,  indicate  that  the  dehydrogenating  and  dehydrating  components  of  the  catalyst  act  dif-^ 
ferently  upon  the  acetic  acid.  The  dehydrogenation  of  the  alcohol  to  the  aldehyde  and  the  condensation  of  the 
alcohal,  which  take  place  over  the  dehydrogenating  component  of  the  catalyst,  are  suppressed,  which  may  be 
attributed  to  me  predominant  adsorption  of  acetic  acid  at  this  component.  On  the  omer  hand,  the  dehydration 
of  the  alcohol  and  the  production  of  emylene  increase. 

The  suppression  of  the  reactions  involved  in  the  formation  of  the  aldehyde  and  its  condensation  are  why  the 
yield  of  divinyl  drops,  based  on  me  reacted  alcohol.  The  rise  in  the  percentage  of  propylene  in  me  gasris  attributed 
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TABLE  2 


Contact  Conversion  of  an  Alcohol -Acetic  Acid  Mixture  and  of  Acetic  Acid  Alone  Over  an  S.  V.  Lebedev  Catalyst 
at  380* 


Run 

No. 

Acetic 
acid  in 
alcohol 

mixture 

Mixture 

used 

(g) 

Yield 

Composiuon  of  condensate,  wt. 

Composition  of  gas,  volume  <55> 

Con¬ 

den¬ 

sate, 

(g) 

Gas  at 

stan¬ 

dard 

condi¬ 

tions. 

deduc¬ 
ting  all 

Acetic 

acid 

Acetone 

Ace¬ 

talde¬ 

hyde 

Water- 

insol¬ 

uble 

com¬ 

pounds 

Ethyl 

ace¬ 

tate 

CO 

C*H4 

C,H«  + 

C4H, 

C4H. 

1 

0 

iM 

84.8 

19.95 

62.4 

None 

Traces 

1.0 

0.6  I 

Not 

m 

1.2 

49.9 

7.8 

35.2 

2 

0 

113.3 

22.4 

61.2 

None 

Traces 

0.9 

deter- 

m 

1.1 

7.9 

4.8 

34.5 

3 

0 

113.3 

23.1 

59.0 

None 

Traces 

0.85^ 

mined 

0.8 

1.1 

46.7 

9.2 

4.8 

35.8 

4 

1 

14.2 

61.8 

None 

Traces 

1.2 

-  1 

•  t 

m 

1.1 

46.7 

10.8 

5.5 

34.9 

5 

1 

mi 

59.7 

14.2 

62.0 

None 

Traces 

1.1 

-  ] 

t« 

m 

46.0 

10.6 

5.4 

34.9 

6 

5 

123 

i 

13.0 

68.7 

0.06 

Traces 

1.3 

tf 

4.3 

0.8 

40.4 

15.5 

5.1 

31.5 

7 

5 

123 

1 

11.7 

69.3 

0.09 

Traces 

1,6 

0.5  J 

«« 

3.7 

0.6 

37.9 

17,5 

5.6 

34.6 

8 

10 

82.7 

66.6 

8.3 

66.3 

0.13 

0.33 

2.5 

R| 

•  t 

12.2 

m 

26.6 

9.3 

27.6 

9 

10 

124 

8.8 

68.7 

0.57 

0.42 

2.9 

0.4  J 

ft 

26.5 

7.2 

25.4 

10 

55.2 

17.5 

39.8 

1.36 

21.0 

0.1 

Traces 

8.9 

M 

4.0 

5.0 

9.6 

5.1 

11 

55.2 

140 

■98.8 

16.6 

43.6 

1.58 

20.0 

0,1 

0.2 

10.1 

73.6 

0 

3.7 

5.8 

10.4 

4.5 

12 

55.2 

140 

103.2 

15.8 

39,9 

1.90 

19.2 

0,1 

0.45 

11.85 

72.0 

0 

4.1 

7.7 

9.6 

4.4 

13 

100 

105  1 

52  6 

20  4 

- 

0.16 

62  0 

- 

0  9 

- 

92.0 

0 

1  5 

- 

44 

- 

14 

100 

105.1 

51.8 

20.6 

- 

0.30 

55.6 

- 

0.9 

- 

94.6 

0 

1.6 

— 

2.1 

— 

TABLE  3 

Yield  of  Reacaon  Products  in  Tests  of  the  Decomposition  of  Alcohol- Acetic  Acid  Mixtures  and  of  Acetic  Acid 
Alone  over  an  S.V.Lebedev  Catalyst 


Run 

No. 

Acttic 

acid  in 

alcohol 

mixture, 

weight 

SSjSBSSI 

SiSSESSS 

Yield 

Per  cent 

Acetone,  wt.^ 

based  on  de¬ 
composed 
acetic  acid 

Acetone, 

o}o  of  the 

theoret¬ 

ical 

lecomposed 
acetic  acid 

as  a  per¬ 
centage  of 
throughput 

Through¬ 

put 

Reac¬ 

ted 

Reac¬ 

ted 

1 

0 

16.5 

33.0 

3.7 

Traces 

- 

WBM 

- 

2 

18.1 

34.1 

3.9 

Traces 

- 

- 

3 

0 

19.4 

35.5 

4.6 

Traces 

- 

- 

4 

1 

16.3 

32.8 

2.0 

5.0 

Traces 

- 

- 

50.7 

100 

5 

1 

16.3 

32.2 

2.5 

4.9 

Traces 

- 

- 

50.7 

100 

6 

5 

9.2 

25.7 

2.3 

6.5 

Traces 

- 

- 

35.7 

99 

7 

5 

9.2 

26.0 

2.3 

6.6 

Traces 

- 

- 

35.4 

95.7 

8 

10 

7.9 

21.7 

3.2 

8.7 

3.0 

- 

- 

36.5 

99 

9 

10 

5.2 

17.5 

2.6 

8.8 

3.7 

- 

- 

30.0 

98.5 

10 

55.2 

3.6 

11.6 

2.0 

8.8 

32.4 

9.7 

- 

30.8 

98.2 

11 

55.2 

3.3 

12.2 

2.2 

8.2 

29.3 

10.8 

- 

27.0 

98.1 

12 

55.2 

2.8 

9.54 

2.8 

9.5 

28.7 

13.1 

- 

30.0 

97.5 

13 

100 

- 

- 

- 

- 

37.3 

- 

IIA 

- 

100 

14 

100 

- 

- 

- 

- 

33.3 

- 

68.9 

- 

100 
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TABLE  4  _ 

Contact  Conversion  of  an  Alcohol— Ethyl  Acetate  Mixture  and  of  Ethyl  Acetate  Alone  over  an  S.V.Lebedev  Catalyst 
at  380* 


Run 

No. 

Ethyl 

acetate 

in  al¬ 
cohol 

mix¬ 

ture, 

wt.*;^ 

Mix¬ 

ture 

used, 

g 

Yield 

Composition  of  condensate,  wt.  ^ 

Composition  of  gas.  volume*^  \ 

Con¬ 

densate, 

g 

Gas  at 

standard 

condit¬ 
ions,  de¬ 
ducting 
air 

Alco¬ 

hol 

Acetic 

acid 

Acet” 

one 

Acet¬ 

alde¬ 

hyde 

Water- 

soluble 

com¬ 

pounds 

Ethyl 

CO, 

CO 

H* 

C,H4 

CsH* 

+ 

C4H, 

C^g 

1 

0 

113.3 

84.7 

19.95 

62.4 

- 

None 

Traces 

1.0 

0.6 

1.5 

1.5 

49.9 

7.8 

4.9 

35.2 

2 

0 

113.3 

80.8 

22.4 

61.2 

- 

None 

Traces 

0.9 

0.7 

1.4 

1.1 

49.0 

7.9 

4.8 

34.5 

3 

0 

113.3 

80.9 

23.1 

59.0 

— 

None 

Traces 

0.85 

0.7 

0.8 

1.1 

46.7 

9.2 

4.8 

35.8 

15 

5 

121.6 

95.0 

17.65 

66.3 

0.15 

0.02 

Traces 

1.1 

0.2 

3.5 

0.7 

40.0 

15.7 

4.2 

36.0 

16 

5 

121.6 

92.7 

19.0 

65.6 

0.14 

0.01 

Traces 

0.9 

0.2 

1.6 

0.8 

38.3 

15.0 

5.8 

35.0 

17 

10 

122 

103.1 

10.9 

69.7 

i.43 

0.1 

0.13 

1.8 

0.2 

7.3 

0.8 

29.4 

21.5 

7.0 

31.0 

18 

10 

122 

102.5 

10.4 

71.0 

1.07 

0.1 

0.18 

1.95 

0.1 

7.0 

0.8 

29.4 

21.5 

5.6 

30.7 

19 

20 

123 

106.9 

8.1 

70.3 

4.3 

0.2 

0.51 

2.0 

0.4 

12.1 

0.0 

26.1 

27.5 

12.2 

21.8 

20 

20 

123 

107.5 

7.55 

70.3 

5.7 

0.27 

0.52 

2.4 

0,4 

12  4 

0.6 

30.9 

28.6 

9.6 

19.6 

21 

100 

134.8 

102.9 

14.0 

26.4 

42.7 

0.60 

10.0 

2.1 

3,2 

62.5 

1.3 

5.4 

11.1 

10.5 

4,2 

22 

100 

134.8 

103.4 

12.95 

19.0 

51.4 

0.52 

8.2 

2.3 

3.7 

59.7 

0.9 

4.3- 

13.8 

11.7 

3.5 

TABLE  5 

Yield  of  Reaction  Products  in  Tests  of  the  Decomposition  of  Alcohol -Ethyl  Acetate  Mixtures  and  of  Ethyl  Acetate 
Alone  over  an  S.V.Lebedev  Catalyst 


Test 

No. 

Ethyl 

acetate 

in  alco¬ 
hol  mix¬ 
ture,  wt.«ib 

CgHg  yield,  wt.<^ 
based  on  alcohol 

C4Hg  yield, 
wt.<^,  based 
on  total  re¬ 
acted  alco¬ 
hol  and  eth¬ 
yl  acetate 

Yield 

Per  cent 

Acetone,  wt.%, 
based  on  de¬ 
composed 
ethyl  acetate 

Alcohol, wt.'jb, 
based  on  de¬ 
composed 
ethyl  acetate 

Decomposed  alcohol 
as  a  percentage  of 
the  throughput 

Decompo.sed  ethyl 
acetate  as  a  per¬ 
centage  of  the 
throughput 

Through¬ 

put 

React¬ 

ed 

1 

0 

16.5 

33.0 

— 

— 

- 

50 

- 

2 

0 

18.1 

34.1 

- 

- 

- 

53 

- 

3 

0 

19.4 

35.5 

- 

- 

- 

54.8 

— 

15 

^  5 

14.6 

35.5 

31.4 

- 

- 

41.8 

97.6 

16 

5 

15.2 

35.0 

31.2 

- 

- 

43.5 

97.7 

17 

‘  10  ' 

8.2 

27.5 

20.5 

1.2 

- 

29.7 

87.7 

18 

10 

7.7 

26.8 

19.7 

1.5 

- 

28.8 

90.8 

19 

20 

5.1 

28.5 

13.1 

3.3 

- 

17.9 

84.0 

20 

20 

4.0 

23.0 

10.9 

3.1 

— 

17.5 

74.4 

21 

100 

- 

- 

1.7 

11.9 

31.2 

- 

66.4 

22 

100 

- 

- 

1.5 

'  10.9 

25.4 

59.4 

to  the  formation  of  acetone  during  the  decomposition  of  the  acetic  acid,  the  acetone  being  reduci^  by  ethyl  alcohol 
to  isopropyl  alcohol,  which  splits  out  water  and  gives  off  propylene  under  the  influence  of  the  dehydrating  comp<»ent 
of  the  catalyst  [17]. 

In  the  tests  using  mixtures  of  ethyl  acetate  and  alcohol  (Table  4),  the  percentages  of  carbon  dioxide,  ethylene, 
and  propylene  in  the  gaseous  reaction  products  increase  as  the  percentage  of  the  ester  in  the  mixture  is  increased. 

At  the  same  time  the  concentrations  of  divinyl  and  hydrogen  fall  off. 
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The  tame  tests  exhibit  a  rite  in  the  percentages  of  alcohol,  unreacted  ethyl  acetate, and  acetic  acid  in  the 
liquid  reaction  products.  Some  acetone  is  found  in  the  condensate  of  the  original  mixtures  that  are  rich  in  ethyl 
acetate.  In  the  tests  in  which  nothing  but  ethyl  acetate  was  utilized,  much  of  the  gas  consists  of  carbon  dioxide, 
the  rest  consisting  of  ethylene,  fxopylene,  and  divinyl.  The  condensate  in  the  tests  using  nothing  but  ethyl  acetate 
contained  ethyl  alcohol,  acetic  acid,  and  acetone  (Runs  21-22,  Table  4).  We  also  determined  the  aldehyde  and  die 
water-insoluble  compounds.  Much  of  the  ethyl  acetate  remained  untouched  and  was  carried  over  into  the  conden¬ 
sate.  ^ 

As  the  percentage  of  ethyl  acetate  in  the  original  alcohol  mixture  is  increased  (Table  5),  the  divinyl  yield, 
based  on  the  reacted  alctdiol,  drc^is  off,  as  do  the  percentage  decomposition  of  the  alcohol  and  the  percentage  de¬ 
composition  of  the  ethyl  acetate. 

The  conversion  of  ethyl  acetate  over  an  S.V.Lebedev  catalyst  may  be  represented  as  follows*.  First,  the 
ester  is  hydrolyzed  into  acetic  acid  and  alcohol.  Then,  the  resulunt  acetic  acid  and  alcohol  interact  as  they  would 
under  the  given  conditions.  The  acetic  acid  is  decomposed  to  carbon  dioxide  and  acetone;  the  latter  is  then  re¬ 
duced  by  the  ethyl  alcohol  to  isopropyl  alcohol,  which  yields  propylene  when  dehydrated.  The  catalyst  converts 
the  ethyl  alcohol  into  ethylene,  aldehyde,  divinyl.  and  other  products.  Part  of  the  alcohol  remains  unchanged  and 
is  found  in  the  condensate.  It  should  be  noted  that  the  composition  of  the  gaseous  reaction  products  in  the  tests 
using  ediyl  aceute  reminds  one  of  the  composition  of  the  gas  in  the  tests  using  an  equimolar  mixture  of  acetic  acid 
and  alcohol.  This  resemblance  is  further  evidence  in  support  of  our  picture  of  how  the  reaction  proceeds. 

EXPERIMENTAL* 

Materials  used  in  the  research:  rectified  ethyl  alcohol  d^"  0.8092,  containing  93.2^  absolute  alcohol; 
acetic  acid  d**  1.051;  ethyl  acetate,  dried  and  distilled  at  76-79*,  d^^  0.8984.  The  saponification  results  indicated 
that  the  product  contained  9.7.2^  of  the  absolute  ester. 

The  tests  with  acetic  acid  had  as  their  aim  determining  the  effect  of  adding  acetic  acid  to  the  ethyl  alco¬ 
hol  upon  the  formation  of  divinyl.  and  to  determine  the  transformations  that  the  acetic  acid  undergoes  under  the 
reaction  conditions.  Mixtures  of  die  alcohol  and  acetic  acid,  containing  1,  5,  10.  and  55.2^  by  weight  (die  equi¬ 
molar  mixture  of  alcohol  and  acetic  acid)  were  subjected  to  catalysis  over  an  S.V.Lebedev  catalyst:  the  throughput 
rate  was  1  ml  per  minute.  We  also  ran  tests  with  acetic  acid  alone.  All  the  tests  were  run  at  the  ume  temperature 
in  a  quartz  tube  with  a  diameter  of  28  mm  and  100  mm  long,  placed  in  an  electric  furnace  70  cm  long.  The  cata¬ 
lyst  was  first  subjected  to  thermal  activation,  after  which  200  ml  of  the  caulyst  was  placed  in  the  tube. 

A  thermocouple  was  placed  in  a  porcelain  pocket,  the  thermocouple  junction  lying  in  the  center  of  the  cat¬ 
alyst  bed.  After  completion  of  die  run,  the  catalyst  was  regenerated  by  the  standard  method.  A  fresh  catalyst  was 
substituted  after  every  diree  or  four  runs.  The  reaction  productt  passed  through  a  water-cooled  condenser,  the  con¬ 
densate  being  collected  in  an  ice-chilled  receiver,  and  the  gas  traversing  two  bottles  filled  with  a  normal  solution 
of  hydroxylamlne  hydrochloride  to  bind  the  carbonyl  compounds  and  being  collected  in  a  gasometer  over  a  utura- 
ted  solution  of  sodium  chloride. 

The  unreacted  alcohol  in  die  condensate  was  determined  by  driving  it  off  by  the  V.V.Dyakonov  method, 
after  the  aldehyde  had  been  resinified,  the  acetone  had  been  taken  up  (by  furfural),  and  the  higher  alcohols  had  b 
been  extracted  with  kerosene.  The  acetone  was  determined  by  the  V.V.Chelintsev  method  [19];  the  acetaldehyde 
was  determined  by  means  of  hydroxylamine,  applying  a  correction  for  the  acetone*,  the  water-insoluble  compounds 
(liquid  hydrocarbons)  were  washed  out  with  35  volumes  of  water;  and  the  acetic  acid  was  titrated  with  0.1  N  KOH 
and  methyl  orange. 

In  the  tests  in  which  a  mixture  conuining  55.2<^  of  acetic  acid  was  used  the  ethyl  aceute  was  also  deter¬ 
mined  by  uponification  with  a  titrated  alkali  solution;  in  the  alcohol  determination  a  correction  was  made  for  the 
alcohol  produced  by  uponifylng  the  ester. 

The  gaseous  reaction  products  were  analyzed  by  absorbing  them  in  sulfuric  acid  of  different  concentrations 
by  the  A.FJDobryansky  method;  the  carbon  dioxide' was  determined  by  absorption  in  a  KOH  solution;  the  carbon 
monoxide  by  absorption  in  ammonlacal  cuprous  chloride;  and  hydrogen  by  combustion  over  palladinized  asbestos. 
The  divinyl  was  determined  by  the  weight  of  tetrabromobutane  required  for  its  bromination. 

The  results  of  our  tests  with  acetic  acid  and  with  its  mixtures  with  ethyl  alcohol  are  given  in  Tables  2  and 
3.  In  Test  11.  using  an  equimolar  mixture  of  alcohol  and  acetic  acid,  the  gas  was  freed  of  its  CO^  by  pasting  it 

Performed  in  1942  with  the  collaboration  of  the  technician  V.P.Litvinovskaya. 
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through  a  2QPJo  solution  of  NaOH  and  then  fractionated  with  a  column  of  the  Podbilnyak  type.  We  took  9.2  liters  of 
gas,  3.8  liters  remaining  after  the  alkali  treatment.  The  fractionation  results  were  as  follows: 

Waste  gas  (1%,  cb)  39.3^  by  volume;  Cj  hydrocarbon  fraction  16.3^;  C4  fractionation 

residue  6. 3>5b.  .  ’  .  .  .  .  .■  .v 

The  C3  hydrocarbon  fraction  was  brominated.  The  bromides  were  washed  free  of  the  taomine,  dried,  and 
fractionated  in  a  flask  fitted  with  a  dephlegmator. 

3.88  g  were  taken  for  fractionation:  Fraction  1,  138-140°,  0.56  g;  Fraction  2,  140-141*,  2.63  g;  residue  4 
losses,  0.69  g;  d*®  of  the  140-141®  fraction  =  1.9453  (the  b.p.  of  propylene  bromide  is  given  in  the  literature  as 
141.6*  and  the  df  as  1*9383). 

Thus,  the  C3  hydrocarbon  fraction,  which  constitutes  most  of  the  gas,  consists  of  propylene.  . . 

In  the  tests  in  which  nothing  but  acetic  acid  was  used,  the  condensate  was  distilled  from  a  flask  fitted  with 
a  dephlegmator. 

Test  13.  32.54  g  taken  for  fractionation;  57-75*  fraction  =  20.38  g;  residue  =  11.78  g;  losses  =  0.38  g.  The 
57-75*  fraction  was  dried  with  anhydrous  Na^SO.^  for  two  days  and  then  refractionated. 

We  took  19.25  g  for  fractionation;  56.5-60®  fraction  =  14.67  g  (nearly  all  of  it  distilled  at  56.5-57.5*); 
residue  4.40  g;  losses  0.18  g;  the  dj*  of  the  56.5-60®  fraction  was  0.8017  (the  literature  gives  the  b.p.  of  acetone 
as  56-57®  and  itsdj®  as  0.7970). 

Similar  results  were  secured  when  we  isolated  the  acetone  in  Test  14. 

The  tests  with  ethyl  acetate  and  its  mixtures  with  ethyl  alcohol  were  run  under  the  same  conditions  as  the 
tests  with  alcohol— acetic  acid  mixtures.  We  decomposed  mixtures  containing  5,  10,  and  2Qf^  of  ethyl  acetate,  as 
well  as  the  ester  by  itself.  The  gas  was  analyzed  as  outlined  above.  The  ethyl  acetate  in  the  condensate  was  de¬ 
termined  by  saponification.  The  ethyl  alcohol  was  determined  by  the  V.V.Dyakonov  method  after  first  having 
saponified  the  ethyl  acetate  with  the  calculated  quantity  of  1.5  N  KOH.  A  small  amount  of  furfural  was  added  to 
the  condensate  before  distilling  the  alcohol  in  order  to  take  up  the  acetone.  The  total  alcohol  found  was  used  to 
compute  the  alcohol  produced  during  saponification  of  the  ester.  The  difference  was  taken  as  the  free  ethyl  alcohol 
in  the  condensate.  The  aldehyde  was  determined  by  the  Ponndorf  method  —  oxidizing  with  wet  silver  oxide.  The 
acetic  acid,  the  acetone,  and  the  water-insoluble  compounds  were  determined  as  described  above.  The  test  results 
are  given  in  Tables  4  and  5. 

In  Test  21 ,  in  which  nothing  but  ethyl  acetate  was  used,  the  carbon  dioxide  was  removed  from  the  gas  by 
passing  the  latter  through  an  alkali  solution  and  then  fractionating  it  into  a  Podbilnyak-type  column,  isolating  the 
hydrocarbon  fraction,  which  was  analyzed  in  an  Orsat  apparatus. 

The  waste  gas  (1^  +  CO  +  CH4)  was  40, 2f^  by  volume;  C2H4  23.  9^  ,  CjH4  23.2  C4HJ  +  C4Hg  ll.l‘5b; 
residue  1.6^. 

Here  again,  the  propylene  constitutes  a  substantial  part  of  the  unsaturated  compounds  in  the  gas. 

SUMMARY 

1.  An  investigation  has  been  made  of  the  conversion  of  acetic  acid  and  ethyl  acetate  over  the  catalyst  util¬ 
ized  for  the  synthesis  of  divinyl  from  alcohol.  The  effect  of  adding  acetic  acid  and  ethyl  acetate  to  ethyl  alcohol 
upon  the  conversion  of  the  latter  to  divinyl  over  the  same  catalyst  has  been  investigated. 

2.  It  has  been  shown  that  these  conditions  involve  the  ketonic  cleavage  of  the  acetic  acid,  yielding  carbon 
dioxide  and  acetone.  The  yield  of  the  latter  was  about  lOf^  of  the  theoretical.  When  ethyl  acetate  is  decomposed 
under  the  same  conditions,  we  get  carbon  dioxide,  acetone,  and  propylene,  on  the  one  hand,  and  ethyl  alcohol, 
ethylene,  acetaldehyde  and  a  small  amount  of  d.i vinyl  on  the  other. 

3.  The  negative  effect  of  adding  acetic  acid  and  ethyl  acetate  to  alcohol  upon  the  divinyl  yield  is  due  to 
the  conversion  that  these  substances  may  undergo  during  the  reaction  in  question. 

4.  The  hypothesis  is  advanced  that  carbon  dioxide,  acetone  and  propylene  may  be  pioduced  during  the  S.V. 
Lebedev  catalytic  synthesis  of  divinyl  from  alcohol  in  a  chain  of  successive  reactions:  alcohol — ►  acetaldehyde— v  • 
ethyl  acetate  — acetic  acid-4-  acetone  — isopropyl  alcohol— ►  propylene. 
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THE  FORMATION  OF  POLYAMIDE  RESINS 

A  .  S  .  Shpital  ny  I  E.A.Meos,  and  A.Serkov 


At  the  present  time  the  reactions  involved  in  the  formation  of  polyamide  resins  are  said  to  be  condensations 
or  polymerizations,  depending  upon  the  structure  of  the  initial  monomers  [1].  If  the  molecule  of  the  monomer  of  the 
polyamide  tesin  is  a  ring,  such  as  c -caprolactam,  polymerization  of  the  cyclic  compounds  is^the  more  likely  reac¬ 
tion  in  the  process  of  producing  the  polymer,  according  to  Knunyants,  Rogovin,  and  others  [2]  .  The  formation  of 
polymers  from  straight-chain  molecules,  namely,  aliphatic  diamines  and  dicarboxylic  acids  (more  exactly, their  salts, 
is  attributed  to  an  ordinary  acylation  of  the  amines  [1].  There  are  several  arguments,  however,  against  this  sort  of 
distinction  between  the  reaction  mechanisms  resulting  in  the  formation  of  polyamide  polymers.  In  both  cases  we 
get  products  that  differ  in  no  way  from  one  another,  except  for  the  number  of  methylene  groups  in  the  structural 
formations.  The  technique  involved  in  the  production  of  both  polymers  is  the  same.  The  cyclic  structure  of  the 
salts  of  aliphatic  diamines  and  dicarboxylic  acids  used  in  the  production  of  polyamide  polymers,  established  by 
some  of  the  present  authors  [3],  is  likewise  s^nificant;  hence,  the  fLrst  stage  of  the  reaction  we  are  considering 
must  proceed  as  follows: 


yN^sOOC 

(A) 


NH-CO 

^NH-CO 


+  2H,0. 


(B) 


Since  structure  of  thd  structure  of  the  product  (B)  closely  resembles  that  of  €-caprolactam,  the  mechanism  of  the 
subsequent  reactions  ought  to  be  similar  in  both  instances. 


The  fcffegoing  casts  doubt  upon  the  correctness  of  the  distinction  made  between  the  mechanism  of  the  reac¬ 
tions  involved  in  the  formation  of  polyamide  resins,  as  governed  by  the  structure  of  the  initial  monomers.  The  elim¬ 
ination  of  the  reasons  for  making  a  distinction  between  the  reactions  does  not,  however,  mean  that  either  one  of 
them  should  be  preferred  in  the  conversion  of  rings  Into  polymers. 

In  considering  such  transformations  we  cannot  ignore  the  assertions  [4]  concerning  the  identical  ability  of 
six^llembered  rings  to  undergo  reversible  polymerization  reactions  or  hydrolysis  followed  by  condensation  polymer¬ 
ization.  The  question  then  arises;  is  there  a  similarity  in  the  transformations  of  seven-  and  sixmiembered  rings 
into  polymers,  i.e.,  can  polymers  be  formed  from  seven-membered  rings,  especially  from  € -caprolactam,  by  con¬ 
densation  as  well  as  polymerization,  as  is  the  case  in  six-membered  rings?  It  has  been  said  above  that  at  the  pres¬ 
ent  time  the  formation  of  resins  from  e  -caprolactam  is  considered  a  polymerization  process.  The  inability  of  N- 
methylcaprolactam  to  be  polymerized,  discovered  by  Prochazka  [5],  is  cited  as  proof  that  no  other  process  is 
possible  in  this  case.  This  inability  is  explained  by  means  of  a  diagram  in  which  the  migration  of  a  hydrogen  atom 
from  nitrogen  to  carbon  is  specified  as  the  intermediate  stage  in  the  polymerization  process.  Whence  it  is  conclud¬ 
ed  that  caprolactams  that  are  substituted  at  the  nitrogen  atom  cannot  be  polymerized  [1].  We  repeated  Prochazka's 
research  on  the  production  of  a  polymer  of  N-methylcaprolactam,,  synthesizing  the  latter  by  our  own  modification 
of  Ruzicka*s  method  [6].  Checking  its  synthesis  by  the  recently  published  method  outlined  by  Benson  and  others  [7] 
did  not  yield  satisfactory  results  as  far  as  yields  were  concerned.  We  found  in  several  samples  of  N-methylcapro- 
lactam  that  were  heated  in  sealed  ampoules  under  the  conditions  employed  to  polymerize  c-caprolactam,  i.e.,  in 
an  indert  medium,  with  water  or  dilute  acetic  acid  present,  that  a  temperature  in  exces.s  of  150®  (  P  =  3  mm)  res¬ 
ults  in  the  formation  of  taned  destruction  products,  a  lower  temperature  yielding  the  polymer.  The  reaction  product 
proved  to  resist  heating  in  an  inert  medium  under  pressure  better. 


0 

In  a  later  paper  [8],  Rogovin,  Knunyants,  and  others  do  not  deny  that  a  condensed  polymerization  reaction  may 
also  be  involved  in  the  formation  of  a  polymer;  they  believe,  however,  that  this  latter  reaction  occiors  only  in  the 
second  stage  of  the  process,  the  first  stage  consisting  solely  of  stepwise  polymerization. 
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Effect  of  Adding  c  -Aminocaproic  Acid  to  Capro¬ 
lactam  upon  die  Polymer*s  Viscosity 


Quantity 

Heating 
time  at 
240“, 
hours 

Specific  viscosity 
of  0.5<^  solutions 
of  the  polymer  in 
cresol 

Aminocaiuoic 
acid  added  to 
caprolactam,^ 

Water  added 
to  the  capro¬ 
lactam,  ^ 

1 

- 

0.5 

10 

- 

0.5 

0.3 

1 

- 

1 

—  ♦ 

10 

- 

1 

0.39 

1 

- 

3 

0.14 

10 

- 

3 

0.37 

- 

10 

3 

0.31 

It  should  be  noted  that  as  the  number  of  substi* 
tuents  at  the  nitrogen  atom  is  increased,  the  compounds' 
resistance  to  oxidative,  temperature,  and  other  agents 
diminishes. 

Thus,  the  structure  of  N~methylcaprolactam  can¬ 
not  be  resorted  to  for  an  explanation  of  the  reactions 
involved  in  the  formation  of  polyamide  resins  from 
seven'inembered  rings.  The  failure  of  previous  attempts 
to  secure  a  polymer  from  this  compound  was  due  to  the 
sensitivity  of  the  resultant  polymers  to  certain  process¬ 
ing  conditions,  rather  than  to  the  absence  of  a  hydrogen 
molecule  attached  to  the  nitrogen  atom. 

That  a  condensed  polymerization  reaction  is 
part  of  the  process  of  producing  a  polymer  of  caprolac¬ 
tam  follows  from  the  experiments  we  have  made  on  the  synthesis  of  polymers  from  the  lowmolecular  fraction  iso¬ 
lated  after  brief  (2  hours)  processing  of  the  caprolactam  at  230"  in  ampoules  and  thorough  removal  of  the  caprolac¬ 
tam  by  washing  with  ether  and  dichloroethane.  The  specific  viscosity  of  the  fraction  was  0.09;  its  specific  viscos¬ 
ity  became  0.6  after  heating  to  250“  (p  =  3  mm)  for  one  hour. 

The  same  conclusion  follows  from  a  consideration  of  the  results  of  the  production  of  polymers  of  caiuolac- 
tam  in  the  presence  of  added  £-aminocaiH:oic  acid  (table). 

The  figures  in  the  table  Indicate  increasing  the  percentage  of  e-aminocaproic  acid  in  the  reaction  mass 
greatly  increases  the  specific  viscosity  of  the  polymer  during  the  initial  stage  of  the  reaction;  on  the  basis  of  step¬ 
wise  polymerization  the  contrary  should  have  been  expected. 

The  foregoing  justifies  the  assumption  that  a  condensed  polymerization  reaction  takes  place  throughout  the 
process  of  producing  the  polymer. 

Thus,  like  8ix*member  rings,  €-caprolactam  can  form  a  polymer  by  hydrolysis,  followed  by  a  condensed 
polymerization  reaction.  Although  it  is  considered  to  be  quite  natural  that  seven-membered  rings  can  be  polymer¬ 
ized,  and  a  set  of  reactions  is  even  adduced  for  the  polymerization  of  such  compounds,  no  direct  proof  of  such  a 
reaction  sequence  in  the  formation  of  polymers  from  these  ring  compounds  has  ever  been  given,  as  far  as  we  know. 

Assuming  that  such  proof  would  be  provided  by  the  synthesis  of  the  intermediate  products  of  the  stepwise 
polymerization  reaction: 


HOOC-R-COOH  + 


HOOC  -  R-  CO  —  NH-  Rj-  COOH, 


we  tried  to  isolate  them  from  the  products  obtained  by^  couplug  equimolar  quaoG&ftt.  of  f  €-caprolactam 
and  aliphatic  dibasic  acids.  We  used  adipic  and  succinic  acids  as  the  dibasic  acids.  When  we  coupled  adipic  acid 
with  c*caprolactam,  we  actually  managed  to  isolate  a  compound  of  the  following  composition: 


H00C-(CH,)4- CO-NH-(CH*)b- COOH. 

Substituting  succinic  acid  for  the  adipic  acid  resulted  in  the  formation  of  €-succinimidocaproic  acid. 
fHj-CO^ 

:h,-co^ 


i: 


•(CH,)5-C00H. 


We  secured  the  calcium  and  silver  salts  of  both  of  these  acids.  The  formation  of  these  products  was  evidence 
of  the  possibility  that  a  polymerization  reaction  occurred  during  the  conversion  of  <  •caprolactam  into  a  polymer. 

Thus,  seven-membered  rings,  like  six-membered  rings,  may  be  either  polymerized  or  polycondensed,  depen¬ 
ding  up<m  die  reaction  conditions.  In  the  special  case  in  which  the  reaction  is  performed  in  the  presence  of  water, 
used  in  sufftcient  quantity  to  ensure  the  hydrolysis  of  40-50<)b  of  the  cyclic  monomers,  there  is  no  reason  to  assume 
that  polymerization  prevails  over  condensed  polymerization. 


*  Polymer  is  water-soluble^ 
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EXPERIMENTAL 


Synthesis  of  N-methylcaprolacum.  2.2  g  of  metallic  sodium  was  gradually  added  to  a  solution  of  10  g  of  - 
caprolactam  in  80  g  of  benzene.  Hydrogen  was  evolved,  and  a  sodium  derivative  of  the  caprolactam  began  to  settle 
out.  To  precipitate  all  of  it,  the  mixture  was  allowed  to  stand  for  24  hours  at  room  temperature.  11  g  of  dimethyl 
sulfate  was  then  slowly  added  to  the  mixture,  which  had  thickened  upon  standing.  After  two  days  of  standing,  an¬ 
other  1.1  g  of  metallic  sodium  was  added  to  the  mixture,  followed  by  5.5  g  of  dimethyl  sulfate.  The  precipitated 
sodium  methylsulfate  was  filtered  out  and  washed  with  benzene.  The  benzene  solution  was  processed  with  a  satura¬ 
ted  aqueous  solution  of  potash,  separated  ftom  the  latter,  and  dried  with  poush.  Then^the  benzene  was  driven  off  on 
a  water  bath,  and  the  N-methylca prolactam  in  vacuo  on  an  oil  bath.  The  latter  compound  was  a  colorless,  mobile 
oil  with  a  b.p.  of  lOB-lOS®  (6  mm),  which  agrees  with  the  figure  given  in  the  literature  [6]. 

Reduction  of  a  polymer  of  N-methylcaprolactam.  2  g  of  N-inethylcaprolactam  was  placed  in  a  glass  am¬ 
poule  and  diluted  with  1  ml  of  water.  Carbon  dioxide  was  used  to  drive  the  air  out  of  the  ampoule,  which  was  then 
sealed  and  heated  to  150”  on  an  oil  bath  for  3  hours.  Then  the  ampoule  was  cooled,  and  its  contents  exposed  to  the 
outside  air  by  chipping  off  the  sealed  capillary.  Then  the  mixture  was  heated  to  150*  in  vacuo  (p  =  5  mm)  for  2 
hours.  This  yielded  a  viscous  mass,  which  solidified  into  a  jelly  upon  cooling. 

0.1277  g  subs.:  12.7  ml  (22°,  755.2  mm).  0.1072  g  subs.:  10.4  ml  (24.8*,  758.1  mm). 

Found N  11.41,  11.11.  C^HijON.  Calculated  <)i):  N  11.02. 

A  sample  of  N-methylcaprolactam,  the  processing  of  which  differed  only  in  the  use  of  a  higher  heating 
temperature,  200*  (p  =  5  mm),  decomposed,  turning  into  a  black  liquid. 

Coi^ling  adipic  acid  with  c- caprolactam.  A  mixture  of  1  mole  of  e  -caprolactam  and  1  mole  of .  _ 

adipic  acid  was  heated  to  240“  for  24  hours  in  a  sealed  ampoule,  from  which  the  air  had  been  driven  out  with 
carbon  dioxide;  then  the  ampoule’s  contents  were  cooled  and  connected  to  the  outside  air,  after  which  the  melt 
was  heated  in  vacuo  (p  =  5  mm)  to  240*  for  3  hours.  The  resultant  melt  was  dissolved  in  water  and  treated  with  an 
excess  of  calcium  carbonate.  The  excess  CaCC%  was  filtered  out,  and  the  filtrate  was  evaporated  on  a  water  bath 
to  a  syrup  containing  a  high  percentage  of  crystals.  The  crystals  were  filtered  out,  washed  with  ether,  and  dried. 

The  percentages  of  fca  and  nitrogen  were  determined  as  follows; 

0.4820  g  subs.:  0.0837  g  CaO.  0.4994  g  subs.:  0.0880  g  CaO.  0.1054  g  subs.;  4.5  ml  (22*,  755  mm). 

0.1242  g  subs.;  5.3  ml  Nj  (21.5*,  754.5  mm).  Found  <)l);  N  4.90,  4.89;  Ca  12.41,  12.59.  C|2H2j(OcNCa, 

Calculated  <^o-.  N  4.41-;Ca  12.7. 

The  solution  of  calcium  salts  in  water  was  treated  with  a  IQPjo  solution  of  silver  nitrate.  The  precipitated 
silver  salt  was  filtered  out,  washed  with  water,  and  dried. 

0.3018  g  subs.:  0.1808  g  AgCl.  0.3044  g  subsjp  0.1828  g  AgCl. 

Found ')();  Ag  45.0,  45.09.  C^HijOsNA^.  Calculated ‘j'o;  Ag  45.66. 

Coupling  succinic  acid  with  e. -caprolactam.  This  coupling  and  the  recovery  of  the  salts  were  effected  as 

above. 

0.5010  g  subs:  0.0614  g  CaQ  0.4956  g  subs.;  0.0611  g  CaO.  Found  <55,:  Ca  8.76,  8.8.  Cj,Hj,OgNiCa. 

Calculated  <55,:  Ca  8.62,  0.3242  g  subs.:  0.1418  g  AgCl.  0.2416  g  subs.:  0.1072  g  AgCl. 

Found  °}o‘.  Ag  33.0, .  33.39.  CioHj^4NAg.  Calculated  <55,;  Ag  33.73. 

SUMMARY 

1.  It  has  been  established  that  in  the  production  of  polyamides,  seven-membered  ring  compounds  can  be 
converted  into  polymers  in  two  ways;  polymerization  and  condensed  polymerization. 

2.  Contrary  to  the  statements  in  the  literature  [1],  reaction  conditions  have  been  discovered  at  which  N- 
methylcaprolactam  can  form  polymers.  It  has  been  established  that  the  polymers  of  N^llethylcaprolactam  are  more- 
sensitive  to  temperature  changes  than  polymers  of  seven^^lembered  ting  compounds  that  have  no  substituents  at  the 
nitrogen  atom. 

3.  The  products  of  cdupling  e-aminocaproic  acid  with  adipic  and  succinic  acids  have  been  Isolated. 
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4.  Adding  c-aminocaproic  acid  to  £  -caprolactam  greatly  increases  the  specific  viscosity  of  the  polymer 
at  the  start  of  the  reaction.  * 
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